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WELDING AND CUTTING UNIT 


You get VICTOR QUALITY thru-out this package 


We've assembled the Super-Range unit for the man who wants 
a first-class, complete outfit, ready to handle a full range of 
shop work—welding, cutting, heating, brazing, soldering. Every 
thing needed to go right to work is included. 


Every item listed is Victor's standard, top-quality apparatus 
and you get the complete outfit for only $99.00. Order from 


your Victor dealer now. 


Two Victor single-stage safety regulators, 


Model SR 210-970 Acetylene 
Model SR 200-967 Oxygen 


Victor welding torch Model 100 
Victor cutting attachment Model 550-100 


Victor welding torch nozzles, Type 13, 
sizes 0, 2, and 4; (welds to 44’)* 


Victor cutting tip, Type 5-101, 
size 1;(cuts to 1”)* 


1242 ft. dual welding hose, 3/16” diameter 
Spark lighter, goggles, and wrench 


*By adding Victor nozzles and tips of larger or smaller 


capacities to Super-Range unit, you can greatly 
increase the working range 


VicIOR EQUIPMENI COMPANY 


Mfrs. of welding & cutting equipment; high pressure and large volume gas regulators; hardfac 
g ing rods, blasting nozzles; cobalt & tungsten castings; straightline and shape cutting machines 
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Harnischfeger Celebrates 75th Anniversary 


This month the Harnischfeger 
Corp. is celebrating its 75th an- 
niversary. Originally founded in 
1884 as a metal-working shop by 
Alonzo Pawling and Henry Har- 
nischfeger, the Milwaukee firm 
reached a point during 1958 when 
it shipped its one-billionth dollar 
of net sales. International in scope, 
Harnischfeger Corp. now has eight 
manufacturing plants in the United 
States, as well as similar affiliates in 
Germany, Canada, Japan, Brazil, 
Australia, Chile and Mexico. 


In 1924 the company name was 
changed to MHarnischfeger Corp 
Prior to that time, they had already 
begun the manufacture of overhead 
cranes, electric hoists and gasoline- 
powered shovels. The manufac- 
ture of welding machines started in 
1932, while electrodes and posi- 
tioners were introduced in 1936 and 
1946, respectively. Other items 
produced by Harnischfeger include 
truck cranes, prefabricated homes, 
‘“‘Magnetorque,”’ soil stabilizers, die- 
sel engines, the “‘E] Loader’ and 
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THEN.... 


The beginning of Harnischfeger Corp. was 
in this humble metal-working shop on 
Florida St. in Milwaukee 


....AND NOW 


Aerial view of Harnischfeger’s main plant 
in West Milwaukee where much of their 
equipment, including welding positioners, 
is now being made 


electronic controls. 

According to President Walter 
Harnischfeger, 1959 will introduce 
the other half of the new line of d-c 
rotary welding machines, the first 
models of which were launched in 
1958. 


Eutectic Plans Expansion 
of $1 Million during 1959 


At a recent press conference at 
New York’s Waldorf-Astoria Hotel, 
Fred H. Roehll, vice president of 
Eutectic Welding Alloys Corp., 
announced the firm’s plans to spend 
over one million dollars during 1959 
to expand its research, develop- 
ment and technical service facilities. 
Mr. Roehll also announced that 
the Long Island manufacturer will 
open at least four new ‘‘warehouse- 
centers,’ supplementing its present 
chain of eleven’ such centers 
throughout North America. A sec- 
ond area of expansion, according to 
Mr. Roehll, will be an enlargement 
of its technical representation 
throughout Eutectic’s distribution 
network. Several hundred individ- 
uals are currently employed in this 
particular division of the Eutectic 
organization. Expansion is also ex- 
pected in the fields of research and 
development. Impetus in this di- 
rection has been provided by the 
opening of a new plant and research 
center in St. Sulpice, Switzerland. 


Crucible Ceases Manufacture 
of Stainless-Steel Electrodes 


Effective Dec. 31, 1958, Crucible 
Steel Company of America with- 
drew from the stainless-steel elec- 
trode industry. The company will 
continue to manufacture core wires 
for electrode manufacturers and 
spooled and layer-wound wires to 
manufacturers of welding equip- 
ment. Crucible will definitely con- 
tinue its Rexweld line of hard- 
surfacing welding alloys. 


Whitehead Changes Name 


The board of directors of White- 
head Metal Products Co., Inc. has 
discarded the firm’s name in favor of 
Whitehead Metals, Inc. The rea- 
son for this move was reportedly 
to simplify communications and to 
clarify a misleading inference sug- 
gested by the word “products.” 
A distributor of nickel, copper, 
aluminum and 6s sstainless __ steels, 
Whitehead Metals, Inc. maintains 
offices and warehouses in New York, 
Baltimore, Buffalo, Philadelphia, 
Rochester, Syracuse, Cambridge, 
Mass., Harrison, N. J. and Windsor, 
Conn. 
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... Increase your 
profits with HOBART’S 
new multi-range 
arc welders 














& 
fo sart helps you choose 


the welder best s 


You never have to compromise when you 
choose from Hobart’s complete line of arc 
welders. You can choose the exact type 
of unit you need. Superior built-in features 
help you realize: 


BIG PRODUCTION SAVINGS through 
exclusive Multi-Range Dual Control. It 
improves weld quality on every job by 
permitting 1000 current control steps. 
Remote control lets the operator make fine 
adjustments right at the work. The rugged 
strength of a Hobart’s basic parts enable 
it to stand abuse—a fact proved time and 
again in mills, foundries and fabrication 
plants where rough handling is common. 


Without obligation ... 


Ask us about... 


the new, faster iron powder 
electrodes that open up a new field 
of cost savings by radically 
increasing welding rates. 


HOBART School of Welding 

... a non profit, fully accredited 
school—the finest of its type in the 
U.S.A. Get comprehensive train- 
ing, specialized training, or 
brush-up courses. Low tuition. 


Compare Hobart performance . 


uited for your work 


For FAST, LOW COST FIELD WELD- 
ING, Hobart welders can’t be topped. 
They’re built to last, liberally rated to 
take peak loads, and deliver a fast stable 
arc. No wonder they’re the workhorse of 
the metalworking industry. 


Gas Engine Drive 
AC power plus 
DC welding 


This all-around Power/Weld lets 
the operator change over from 
DC welding to AC power without 
leaving the work. It’s rugged, 
compact, convenient and power- 
ful. Furnishes 200 amps. at 25 
volts on a 100% duty cycle, 1 to 
2 KW AC power while welding. 
Can also supply 5 KW full time 
AC power when not welding. Can 
run lights, tools, motors, pumps, 


It will pay you to get complete 
details on Hobart’s complete line. 


LOOK AT THE CHOICE YOU HAVE: 

@ Electric Drive @ Engine Drive @ Transformer and 
Rectifier Types @ Combination Power/Weld Models 
@ Automatic and Semi-Automatic Equipment @ Seif- 
Propelled Models @ Cutting and Gouging @ Induction 
Heating-Stress Relieving Units 


HOBART BROTHERS CO., Box WJ-29 

TROY, OHIO, PH. FE 2-1223 

. then decide — sprays, etc. 
TROY , 


HOBART ‘°°. WELDERS 


“Manufacturers of the world’s most complete 
line of arc welding equipment” 


amomme USE THIS HANDY COUPON 


HOBART BROTHERS COMPANY, BOX WJ-29, TROY, OHIO 

Please send me complete details on the items I’ve checked —without obliga- 
tion, of course. 

(] Electric Drive C] Power/Weld 
.] Hobart Welding School 


Name 


| Iron Powder Electrodes 
[] Other Types: nade 


Firm 
BO 
a 


Send Complete Catalog on O Arc Welders 
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C) Welding Electrodes 


_] Welding Accessories 
For details, 





WELDING ZONES 


Tug boat pushes Italian govern- 
ment’s “portable island’’ down 
Mississippi River to New Orleans 
for first stop-over in 10,000-mile 
voyage to the Persian Gulf. 
R. G. LeTourneau, Inc., of Long- 
view, Tex., was asked to build 
the 1-million machine for Ital- 
ian drilling operations off Iran 


Installed at the University of 
Wisconsin, this 51-ft long spray 
dryer was entirely welded. 
Containing 12,000 Ib of Type 304 
Stainless steel, the welded 
structure is used for experi- 
mental research on the spray 
drying of whole milk. Fabrica- 
tion was done by the Krueger 
Fabricating Co. in Madison. 
(Courtesy of Armco Steel Corp.) 
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For Three Hose Cutting 
Torches... . sEPpARATE REGULATION 








THE NEW TRIPLEX OXYGEN REGULATOR for three-hose 
flame cutting torches. 


Here is a brand new regulator combining into a single unitary body one high 

pressure stage and two individually adjustable low pressure stages; one low pres- 

sure stage to control the preheating flame oxygen and the other one for the high 

pressure stream of cutting oxygen. The regulator is provided with two outlets, 

three self-reseating relief valves to protect each individual stage and one inlet. 

Three 214” diameter gauges indicate respectively, the low pressure oxygen stream, 

the high pressure oxygen stream and, the center gauge, the cylinder or cylinder 

bank pressure. The regulator body and caps are machined of dense brass bar - 

stock, and all internal working parts are interchangeable with all other standard / Nalional’. / 
regulators of comparable diameters made by our company. This new Model 5-121, == 7] 
National Triplex Safety Regulator will be of interest to all companies operating scenes 
three-hose machine cutting torches — write for catalog FORM #16. 





NAll UNA welding equipment COMPONY... 218 rremont street san francisco 8 pean 
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WORLD-WIDE WELDING NEWS 





SOVIET UNION 


Bauman Technical College 
Reports on Research Activities 


A review of the welding research 
in Moscow’s Bauman Technical 
College is reported in the September 
1958 issue of Svarachnoe Proiz- 
vodstvo. Three-dimensional meas- 
urements of shrinkage stresses in 
welded plates up to 4 in. in thickness 
have revealed small stress in the 
direction of the thickness. The 
stress was found to be tensile in 
electro-slag welds and compressive 
in multilayer welds. Brittle frac- 
tures occurred across the thickness, 
despite the presence of compressive 
residual stress at these areas. In 
addition, apparatus was built to 
test the sensitivity of steel to hot 
and cold cracking and of copper and 
aluminum alloys to hot cracking. 
The college reported good results in 
welding titanium in an argon cham- 
ber with tungsten electrodes. On 
the other hand, vacuum arc welding 
with a carbon electrode and 0.001- 
mm pressure was unsatisfactory. 
Among the products and processes 
developed at the research center 
were ultrasonic welding equipment; 
an “‘in-torch” wire feed employing 
a 1-lb spool of 0.03 to 0.05 in. diam 
wire at 200 to 400 ipm; machines to 
produce horizontal butt welds in 
stationary pipe with parallel elec- 
trodes in tandem; a ceramic flux, 
containing alumina, silica, borax and 
magnesite, for automatic welding of 
‘/-in. bronze sheets of 2.5% Pb, 
4% Sn and 4% Zn compositions; a 
condenser-disc herge spot-welding 
machine; and an ultrasonic defecto- 
scope. 


New Flash-Welding Machine 
for Titanium and Its Alloys 


A new flash-welding machine has 
been developed to weld titanium 
and its 6% Al, 4% V alloys. Re- 
ported in the September 1958 issue 
of Svarachnoe Proizvodstvo, this unit 


DR. GERARD E. CLAUSSEN is associated 
with Arcrods Corporation, Sparrows Point, Md 
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is said to handle sections from 0.23 
to 15 sq in. Conditions for welding 
a 10-sq in. area require a 5'/.-in. 
extension of work beyond the elec- 
trodes, 1.4- to 2-in. “‘upset,’’ 1.1-in. 
flash “‘off,” °,, in. “upset,’’ 35,000 
amp with preheat and an initial 
platen speed of 1'/, ipm term- 
inating at 8 ipm. Argon shielding 
was required for good ductility. 


Arc Characteristics Improved 
with Vibrating Electrode 


The effect of the vibrating elec- 
trode was studied in several arc- 
welding processes and the results of 
this investigation appeared in the 
September 1958 issue of Svarachnoe 
Proizvodstvo. Frequencies em- 
ployed ranged from 5 to 80 oscilla- 
tions per sec, while amplitudes of 
0.002 to 0.10 in. were provided for 
the study. By favoring spray trans- 
fer, vibration improved arc sta- 
bility and weld appearance, and also 
facilitated light-gage welding. Vi- 
bration also refined the grain struc- 
ture of the weld metal and reduced 
porosity and cracking tendencies. 
The main advantage of this vibra- 
tion technique in CO, welding was 
the removal of oxides from the 
weld, while electro-slag welding 
derived the benefit of a less pro- 
nounced dendritic structure. 


Water-Turbine Shafts Joined 
by Electro-Slag Welding 


Practical application of electro- 
slag welding was described in the 
September 1958 issue of Svarachnoe 
Proizvodstvo. Longitudinal and 
girth seams of water turbine shafts, 
17 ft long, 5 ft in diam and 6-in. 
wall thicknesses, were joined by the 
new Russian welding process. A 
welding speed of 0.3 ipm was main- 
tained at 550-amp current. To 
assure satisfactory impact values in 
all parts of the shaft, the entire 
weldment was normalized for 10 hr 
at 1690° F and then drawn after 
welding for 16 hr at 1110° F. Dis- 
tortion at the radius did not exceed 
0.08 in. Preliminary work indi- 


By Gerard E. Claussen 


cated that the addition of 0.05°; Ti 
did not improve the impact charac- 
teristics of the steel for electro-slag 
welding. 


Pipe Lines Fabricated 
by Submerged-Arc Welding 


An article on overland oil and gas 
pipe lines appeared in the September 
1958 issue of Svarachnoe Proiz- 
vodstvo. Straight lengths, 16 to 40 
in. in diam with wall thicknesses of 
'/, to */i, in., are used in the net- 
work of Soviet pipe lines. The 
longitudinal seams are joined by the 
submerged-arc process with tandem 
electrodes. Pipe produced from a 
new steel, containing 0.11 to 0.17°; 
C, 1.0 to 1.3% Mn, 0.4 to 0.7% Si 
and 0.5 to 0.8% Cr, has a min yield 
strength of 50,000 psi and a min 
tensile strength of 71,000 psi. The 
new steel permitted the introduction 
of thinner thicknesses of pipe than 
previously used, largely due to its 
higher tensile strength. As a re- 
sult, 25 to 30% was saved in weld- 
ing power, while welding speeds were 
increased from 20 to 25; 





GERMANY 





Test on the field at Cologne-Bayenthal 
(Courtesy of 1.1.W.) 
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.»-» UNIONARC Welding saves $7000 


UnNIioNARC Welding—LINDE’s new electric 
welding method for steel—increased produc- 
tion by 300% and saved a western pipe mill 
$7000 on a single run of steel pipe. Replacing 
covered electrode methods, UNIONARC Weld- 
ing is expected to save this company $150,000 
a year. 

UNroNARC Welding uses a continuously-fed 
wire electrode, magnetically coated with flux 
and shielded with carbon dioxide gas. It has 
three times the speed and weld penetration 
of covered electrode welding. And UNIONARC 
Welding gives you “finished”, X-ray quality 
welds and low hydrogen deposits—in all weld- 


ing positions. 


on one production run 


See for yourself—ask your nearest LINDE 
representative to prove that UNIONARC Weld- 
ing slashes time and labor costs over conven- 
tional methods. Call your local LINDE office 
today! Or write Dept. WJ-2, LINDE COMPANY, 
Division of Union Carbide Corporation, 30 
East 42nd Street, New York 17, N. Y. Offices 
in other principal cities. In Canada: Linde 
Company, Division of Union Carbide Canada 


Limited. 





inde 


TRADE-MARK 





Unionare”, and “Union Carbide” are registered trade-marks of Union Carbide Corporation, 
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Present and Anticipated Application of the Various Welding Processes 


in the Russian Chemical Industry 


Welding Process 


Automatic submerged-arc 
Semiautomatic submerged-arc 

co, 

Inert-gas-shielded consumable-arc 
Inert-gas-shielded nonconsumable-arc 
Electro-slag 

Manual covered-electrode 

Resistance spot 

Resistance seam 

Resistance butt and flash 
Oxyacetylene 

Oxygen cutting by automatic machines 
Manual oxygen cutting 


Volume, % 

1956 1961 1965 
35 45 50 
§ 5 3 
0 5 10 
0 1 1.5 
1 1 1.5 
0 1 2 
47.85 31.55 22.2 
0.2 0.25 0.3 
0.15 0.2 0.3 
0.8 1 1.2 
10 9 8 
30 40 50 
70 60 50 





Machine to Evaluate 
Hot-Cracking Tendency 


The August 1958 issue of Svarach- 
noe Proizvodstvo describes a ma- 
chine which applies increasing loads 
to a specimen during welding to 
evaluate the tendency toward hot 
cracking. It was determined that 
hot cracks in mild-steel welds started 
most frequently in the 2410 to 
2460° F temperature range. 


Hot Cracking Avoided in 
Welding Austenitic Castings 


Another article in the same issue 
of Svarachnoe Proizvodstvo discusses 
how certain Russian’ workers 
avoided the principal difficulty in 
welding austenitic castings, contain- 
ing 0.10% C, 20% Cr, 12% Ni, 0.56% 
Ti, 0.8% Si, 1.4% Mn, 0.015% Sand 
0.015% P, namely hot cracking, by 
ensuring the presence of ferrite in the 
casting and weld metal. Even 1% 
ferrite was sufficient to prevent 
cracks in beads deposited by a 
covered electrode on a keelblock 2 
in. thick. The creep strength for 
100,000 hr at 1110° F was 18,500 
psi for the castings and 27,000 psi 
for the weld metal. 


Fatigue-Strength Measurements 
on Steel Welds 


The August 1958 issue of the mag- 
azine describes measurements 
that were made of the fatigue 
strength of butt and fillet welds in 
'/, ‘/4 and 1°) in. thick steel, 
containing 0.15% C, 0.79% Mn, 
0.45% Si, 0.91% Cr, 0.42% Ni and 
0.42% Cu. The specimens were 2 
to 3 in. wide and were welded by the 
submerged-are process using high- 
manganese flux and 1% Mn elec- 
trodes. Butt welds, with the edge 
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of the reinforcement ground to 
merge gradually with the plate, had 
the same fatigue limit at two mil- 
lion cycles as unmachined plate, 
namely 33,000 psi. With reinforce- 
ment as welded, the fatigue limit 
was only 50 to 60% that of un- 
machined plate. The fatigue limit 
of fillet welds (Cruciform specimens) 
with incomplete penetration was 
25 to 30% that of unmachined 
plate. Complete penetration of the 
beads from opposite sides raised 
this figure to 63%. Satisfactory 
welds were made in the steel with 
cooling rates from 10 to 33° F per 
sec in the heat-affected zones and 
with energy inputs of 75,000 to 
143,000 Joules per in. 


POLAND 


X-Ray Reveals Cracks 
in 8-Year-Old Bridge 


A welding representative of the 
Stettin Technical College has de- 
scribed the cracks discovered by 
X-ray in a small welded-plate 
girder bridge. The 8-yr-old struc- 
ture had a span of 33 ft. As re- 
ported in the September 1958 issue 
of Przeglad Spawalnictwa, the cracks 
occurred in the */;-in. web plates 
and were believed to be caused by a 
combination of fatigue, stress con- 
centration and low-quality welding. 


AUSTRIA 


Welded Freighters 
Built for Rhine River 


Eleven welded freighters, 220 ft 
in length, have been fabricated by 
an Austrian firm for service on the 
Rhine River, according to the 
December 1958 issue of Schweiss- 
technik. Built at Linz, Austria, 


the vessels were assembled on the 
Rhine itself, after overland trans- 
portation by rail. 


EAST GERMANY 


East German Colleges Graduate 
320 Welding Engineers Annually 


The three welding colleges in 
East Germany, Halle, Rosswein and 
Magdeburg, graduate a total of 320 
welding engineers each year, ac- 
cording to the August 1958 issue of 
Schweisstechnik. Continuing at 
their present rate, some 2500 weld- 
ing engineers are expected to be 
actively engaged by 1965. It is also 
anticipated that, by the same year, 
approximately 26,000 welding opera- 
tors will be employed, creating a 
ratio between engineers and opera- 
tors of 10 to 1. The present ratio 
in Russia is 10 to 2. The same 
type of education is offered at the 
three East German colleges. Stu- 
dents at Magdeburg and Rosswein 
are expected to spend three to five 
years in study before entering in- 
dustry. At Halle, however, design 
engineers familiar with riveting re- 
ceive concentrated instruction in 
welding. One of the main objec- 
tives at all three schools is to ac- 
quaint the student with methods to 
replace manual welding by auto- 
matic welding. 


WEST GERMANY 


A Review of the Advances 
in Radiographic Techniques 


A description of the advances in 
radiographic techniques is detailed 
in the October 1958 issue of Schweis- 
sen und Schneiden. Among the 
processes described are electron and 
solid-state intensifiers and the com- 
parison of fluoroscopy with radiog- 
raphy and Xerography. 
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AWS Builds 
Men of Welding 

















The clad material in this process 
vessel is 304 on A 285 Grade C plate. 
Arcaloy 309 Lime electrodes were used 


for the entire joint on all girth seams “!_ § " ao 
because of variances in the thickness y a\G a ) 


of the plate material. 

Approximately 1200 pounds of 
Arcaloy 309 Lime electrodes were used 
for seam joints and nozzle fittings on STAINLESS STEEL ELECTRODES 
each vessel. 


it2 


Stainless steel or stainless clad material is used on critical applica- 
tions for its corrosion resistance and high strength properties. The 
nation’s leading fabricators specify Arcaloy stainless steel electrodes 
to retain these properties and to safeguard their reputation. 

Colonial Iron Works, Cleveland, Ohio, has relied on Arcaloy elec- 
trodes for many years because they produce the quality of weld metal 
required for critical stainless welds. They know that they can depend 
on this quality always and in any of the more than thirty different 
analyses of stainless electrodes made by Alloy Rods Company. They 
also know that their distributor, Scott-Tarbell, Inc., can meet their 
needs with “always fresh” electrodes, because they are hermetically 
packaged in metal to safeguard freshness and quality. 

Your Alloy Rods Company representative or distributor has the 
knowledge and products to meet your stainless steel welding require- 
ments. Give him a call or write direct requesting Bulletin AR-103. 
Alloy Rods Company, P. O. Box 1828, York, Penna. 


QUALITY WELDING ELECTRODES FOR All. R. d. C 
apy siege EN oY oas ompany 


Cast Iron 
Tool Steel 


Bronzes & Dissimilar Metals YORK, PENNSYLVANIA ? EL SEGUNDO, CALIFORNIA 
Hard Surfacing Electrodes & Wires 


NO FINER ELECTRODES MADE. - ANYWHERE 
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Broken teeth are drilled... 


tapped and studded... 





welded with Ni-Rod “55”, ground to size 


Repair with Ni-Rod “55” Electrode 
saves 13-ft cast iron mill gear 


. +. saves $2000 new gear cost 
... Saves tough replacement job 
... saves $8000 per day down time 


Again, Ni-Rod “55”* Electrode turns a huge prob- 
lem into a relatively small repair job. The 13-ft cast 
iron gear in the pictures above turns a power station 
coal pulverizing mill. One day, its pinion gear shaft 
broke — and stripped off three teeth before the mill 
could be shut down. 


Replacement was impractical—meant making a gear- 
sized hole in a thick concrete wall, purchase of a 
new $2000 cast gear, and a long wait costing $8000 
per day. 
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Repair was the answer — in 5 hours, weldors studded 
the teeth to improve the foundation; built up a 
Ni-Rod “55” deposit; ground the deposit to size. 
Cost about $230. Today, after more than two 
vears of service, there’s no sign of failure. 

Ni-Rod “55” Electrode helps you make solid re- 
pairs in cast irons — solid production welds, too. 
Rarely do you need preheat to get sound, strong, 
machinable joints. 

Booklet “Repair Cast Iron Parts Quickly and 
Easily’ shows how other shops have pared costs on 
repairs and production. Yours for the asking, from 
Inco. *R 
THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street es New York 5,N. Y. 


INCO WELDING PRODUCTS 


ELECTRODES + WIRES + FLUXES 


For details, circle No. 11 on Reader Information Card 








something New Has Been Added 


It is being arranged that, by Presidential proc- 
lamation, April will be declared ““National Welded 
Products Month.”’ This is a noteworthy step in 
our industry. In a sense, it proclaims that we 
are no longer too modest to insist that welding 
should and shall be recognized publicly as a prime 
and indispensable fabrication tool in modern in- 
dustrial practice. 

Each year “‘National Welded Products Month” 
will be declared to coincide with the timing of 
the annual AWS convention. It should help 
give a refreshing lift to the convention promotion 
and publicity in addition to providing much 
needed identification for welding among the 
general public. Never before in the history of 
welding have we had so much to offer in the way 
of materials, equipment and knowledge to help 
create a “welded” world. We'know that people 
should be more conscious of welding they 
should care whether or not a product is welded 
and should appreciate the benefits of welding. 


CHAIRMAN, PUBLICITY COMMITTEE 


Welding 
Journal 


AMERICAN WELDING SOCIETY 


The energetic promotional use of the seal shown 
on the cover of this issue of the JOURNAL, by all 
of us in the industry, is one way of helping to put 
that story across. 

Any cause, any campaign, any continuing 
promotional effort, no matter how worth while, 
needs to weave into its effort a thread of identi- 
fication, a recognizable symbol, to keep it alive, 
to make it grow and flourish. The seal which 
identifies ““National Welded Products Month”’ is 
our standard bearer. Use it as a complementary 
addition to your individual promotion and public- 
ity efforts. Use it the year round... . 

And, as convention time approaches, let’s 
make the drums really roll; let’s redouble our 
efforts to register the initial establishment and 
1959 celebration of “National Welded Products 
Month” nationally as a significantly worth- 
while tribute to the importance of welding in 
modern industry. 


A. V. Scherer 

















ELECTRIC CONTROL WELDER 


Brings out BEST 
in TIG Welding 


This new Miller development improves quality, speed and range of 
tungsten inert gas welding in all automatic fixture and manual applica- 
tions. Balanced wave (BW) characteristic results from a new Miller 
balance control which eliminates the d-c component present in most 
welding currents. Output of the Miller BW welder is ONLY pure a-c, 
DELIVERS: 


Excellent arc stability 
Maximum heat 
Deeper penetration 


Faster welding speeds 


Complete particulars will be sent promptly upon request. 


rT 
=~ ELECTRIC MANUFACTURING COMPANY, INC., APPLETON, WISCONSIN 


td., Montrea EXPORT OFFICE: 250 West 57th St., New York 19, N.Y 


For details, circle No. 65 on Reader Information Card 
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Fig. 1 


Two portable, self-propelled welding units, each mounting an automatic submerged-arc head 


simultaneously weld the two webs to cover-plate joints in a large girder 


Weld size, jigs and assembly fixtures, positioning methods and mechanization 
of process used are some of the cost factors to be considered in the 


Fabrication of Welded Highway Girders 


BY R. A. WILSON 


The rapid increase in the number of welded bridges 
that have been fabricated in the last few years has, 
of necessity, produced many new ideas and tech- 
niques for executing this type of work. This dis- 
cussion will present some of these ideas on reducing 
fabricating costs of welded-girder bridges. 

The following factors are of primary importance 
in reducing fabricating costs: 

1. Use of proper minimum sized welds. 

2. Use of simple jigs and assembly fixtures. 

3. Use of proper positioning methods. 

4. Use of semiautomatic and automatic welding. 
R. A. WILSON is Director of Application Engineering at The Lincoln 
Electric Co., Cleveland, Ohio 


Alternate paper for AWS 40th Annual Meeting to be held in Chicago, Il 
April 6-10, 1959 


Weld Size 


Overwelding is easy to do and hard to control. 
Many glaring examples of overwelding are evident 
on current structural-steel work. A recently noted 
example of excessively large welds was on multi- 
story building columns. Fillet welds connecting 
flanges to web were being made almost ° /, in. instead 
of the designed */; in. The overwelding resulted 
from the weld foreman instructing the operator to 
deposit an extra '/,, in. to make certain he gave good 
measure. He preferred to be over rather than under- 
size. The night operator, working on the same 
theory, also gave good measure and the welds 
ended up as */; in. The excess welding resulted in 
distortion that required a trip to the straightening 


WELDING 
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Fig. 2-Comparison in total cost of three methods for making 
T-joints in which the weld is as strong as the plate. The 
chart is for manual welding but the same relative values 
would be true for multiple-pass automatic welds 


press and the extra cost of depositing 2*/, times as 
much metal as was actually needed. The cost was 
still further increased by the designer who had also 
added an extra '/,, in. on the weld beyond the 
needed design requirements. The code requirement 
in this case for the minimum size of weld for the given 
flange thickness was actually a °/,,-in. weld and is all 
that would have been needed on this weldment used 
as a simple column. 


Fig. 3 Two typical girder assembly fixtures. 


in vertical position, with web and second flange to be put in place. 


Another important point to remember in connec- 
tion with overwelding is that changing from a °/ ,-in. 
to a */s-in. weld will require that the weld in the 
horizontal position is usually made in two passes 
instead of one, almost doubling the cost. 

A °/,-in. iron-powder E-6024 manual electrode 
may offer a good possibility of putting in a horizontal 
%/,-in. fillet in one pass. Previous attempts at this 
with smaller electrodes have usually resulted in 
most of the weld being on the bottom plate and a 
shy */; in. on the vertical plate. The self-propelled 
semiautomatic submerged-arc welding machine also 
comes closer to making a */;s-in. horizontal fillet in 
one pass (or in two faster passes) than has been pos- 
sible to do before. It is still advisable, however, to 
specify °/,,-in. fillets unless */;-in. fillets are really 
needed. 

In manually welding large Tee joints, it would 
seem, at first thought, that outside fillet welds would 
be cheaper than beveling the plate and makinga 100°; 
penetration joint. Fillet welds are cheaper up to 
about */,-in. plate thickness; then, because of the 
smaller amount of weld metal, the beveled joints 
become the cheapest. Figure 2 shows the com- 
parison in total cost of three different methods of 
making Tee joints in which the weld is as strong as the 
plate. The 60-deg bevel approach is a new idea in 
which part of the weld is in the bevel and part is 
fillet. This 60-deg bevel is especially good for auto- 
matic welding, since it reduces tendency for cracks 
that sometimes occur in the root of deep, narrow 
(45-deg) Vees. As far as is known by the author, 
this has never been considered by the various code 
committees, but, by actual test, it will make a full 
strength joint and should be acceptable on special 
request with proper test proof. This has an applica- 
tion in structural work on thick-webbed columns and 
girders. While the chart in Fig. 2 is for manual 
welding, the same relative values would be true for 
multiple-pass automatic welds. 


Fixture in foreground, for variable-depth girders, has flange plate 


Fixture in background is for straight-section girders 





Assembly 

Fabricators generally use one of two general 
schemes for assembling, tacking and welding. One 
is to lay the girder out on the fitting floor and 
assemble it complete with stiffeners. Then, it is 
welded with semiautomatic equipment, first on one 
side and then the other. The second method is to 
tack securely the web and flanges, then position for 
full automatic welding. The first method requires 
less handling and the stiffeners help keep the flanges 
in proper alignment. Less floor-to-floor time for 
welding can be achieved by having several men 
working at once. This method usually means use 
of considerable area and several jigs as the parts 
stay in one position until completed. More of a 
straight-line production and higher-speed welding 
can be obtained on the long welds by the second 
method in which the girder is thoroughly tacked in a 
simple fixture, then moved to a 45-deg rack alongside 
an automatic welding machine that moves along a 
track or beam parallel to the work. 

Typical fixtures used in assembling girders are 
illustrated in Fig. 3. The one in the foreground is 
for a girder of variable depth, while the one in the 
background is for the normal straight-section girders 
used in small highway bridges. As can be seen, 
plates locate the web perpendicular to the flanges, 
and the back side of the fixture is fixed so that the 
flange is held perpendicular to the assembly floor. 
Then, the second flange is forced into place by means 


Fig. 4—-Splices in heavy-flange plates are made 
with manually held semiautomatic submerged-arc 


of wedges driven between the opposite uprights and 
the flange. The whole assembly is securely tacked 
and can be completed by either one of the two 
methods mentioned. 

The flanges are usually butt welded to the desired 
length before welding or assembling to the web. 
Quite often, the welds will be placed between two 
members of various thickness, so that a flange of 
changing section can be built up by this manner. 
In Fig. 4, the operator is using semiautomatic equip- 
ment to increase his welding speeds in making this 
heavy weld, which would be a time-consuming job, 
if done with hand electrodes. The same job can be 
speeded up even more by the use of the self-propelled 
gun which enables the operator to use higher currents 
and get better guiding and placement of his welds 
(Fig. 8). 

Figure 5 shows a typical layout floor with a beam of 
varying depths being assembled in a temporary 
fixture, which is composed of uprights welded to the 
steel floor and the various components of the beam 
being held in place by means of wedges until the 
tacking is completed In the background is a large 
boom-type automatic welding machine which runs 
on a track the full length of the shop. When the 


girders are ready to be welded, they are placed par- 
allel to the track and the welds are made lengthwise 
by moving the entire welding fixture on the track 
alongside the girder. 

The same shop shown in Fig. 4 is seen in Fig. 6 


Fig. 5—-Varying-depth girders are shown in stages of assembly and 
welding. In background is a boom-type automatic welding unit on a 
track running the length of the shop. The assembled girders are 
brought to this station for welding. The entire fixture moves on the 
track parallel to the girder 


welding unit. Run-out tabs permit welding fully 
the ends of the joints. Joint is back-gouged to 
assure 100% penetration. Semiautomatic process 
cuts welding time in half 
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Fig. 6—Final weld being made on rocker plate of 120-ft girder. 
In background a welder is making standardized bridge 
diaphragms using precut sections and a welding fixture. 
A hydraulic straightening press can also be seen in the 
background 


Fig. 7 


The method of welding one side at a time is shown here. 


with a girder in the final stage of assembly. The 
stiffeners are being tacked in place. In the back- 
ground, a welder is using a fixture to assemble and 
weld bridge diaphragms. This use of precut sec- 
tions and a welding fixture makes fast work of this 
job. Some of the state bridge designs take ad- 
vantage of a standardized section which enables the 
fabricator to keep more or less permanent fixtures 
that can be adapted quickly to any size and type of 
diaphragm. In the background of Fig. 6 can be 
seen a hydraulic straightening press, a very valuable 
piece of equipment for this type of work. It will 
straighten any normal distortion that occurs and 
also add or detract from the camber to meet the 
exact specifications. 

The method of welding one side at a time with all 
the stiffeners in place is being used in the shop shown 
in Fig. 7. Camber is built into this fixture. One 


flange is placed against the fixture upright and the 
precut web is next butted up against the flange. 
The second flange is then held against the web and 
the whole assembly tightened in the fixture with 


The assembly is hydraulically clamped in the 


precambered fixture and the girder completely welded on each side with the semiautomatic process 
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Fig. 8—This simple jig for curved sections of rigid frames 
consists of a base plate and brackets to hold flanges 
Setscrews clamp flanges tightly 


hydraulic clamps which push against the beam from 
the opposite side of the fixture and hold the entire 
girder in alignment with perfect camber. The job is 
then completely welded on each side using semi- 
automatic submerged-arc 
cases, the corners of the stiffeners are snipped off at a 
45-deg angle, so that the weld between the flange 
and the web can run continuously the full length. 

A simple jig for curved sections, such as knees of 
rigid frame girders, is shown in Fig. 8. It consists 
of a heavy base plate with brackets to hold the 
flanges in place. In assembly, a flange and web are 
positioned and then the second flange is forced 
against the assembly by means of set screws. The 
fixture is simple and easily changed to fit varying 
designs. This type of work is ideal for semiauto- 
matic welding, as shown in Fig. 9. The operator is 
shown using a semiautomatic welding unit and 
guiding it manually by holding the nozzle of the 
welding gun in the corner of the joint. This makes 
it easy to obtain a properly shaped fillet. The gun 
is self-propelled. The operator merely uses the 
same current and voltage setting fcr all fillet welds 
and, by setting the travel-speed dial on the motor 
attached to the gun, he can produce different sized 
fillets by using the prescribed speed for the fillet 
desired. In this machine, the flux is stored in a 100-Ib 
tank and forced to the gun by means of air pressure 
in a small hose attached to the welding cable. The 
wire feeds through the center of the welding cable. 
On jobs where the girder is tacked up and welded in 
the vertical position, two men can operate, one on 
each side of the beam, with semiautomatic equip- 
ment, thus moving the work through the shop at 
twice the floor-to-floor rate. 


equipment. In _ most 


Positioning 
Smaller beams and columns can often be quickly 


fastened in trunnions for faster rotation when 
welds diametrically opposite are welded in sequence 
to hold distortion to a minimum. The low heat 
input of the higher speeds of automatic welding, 
and the use of the smallest weld that provides the 
designed strength, will enable these girders to be 
held within the tolerances for distortion 
allowed by the bridge code. These will be compar- 
able to the mill tolerance on rolled sections. Actu- 


normal 


} 


Fig. 9--With this self-propelled semiautomatic we'ding 
unit, the welder can produce different-sized fillets with the 
same voltage and current by setting the travel-speed cial 
to the prescribed speed 


Fig. 10—Heavy double-section building columns are 
positioned at a 45-deg angie in a rack parallel to the track 
on which a boom-type automatic fixture rides 


ally, in highway-bridge work, the proportions of web 
and flange are such that, with the small loads on the 
welds, there is usually not enough welding to cause 
distortion. Overwelding, especially at slow speeds, 
is the chief reason for excessive warpage. 

Where the beams are to be assembled with the 
webs and flanges securely tacked and welded before 
the stiffeners are to be placed in position, the work is 
usually placed in racks, as shown in Fig. 10, to posi- 
tion the work at the proper 45-deg angle. A boom- 
type welding fixture runs along a track parallel to 
the beam and makes all the welds that can be welded 
from one side at time. Then, the beam is 
either turned over with a crane or moved to a rack 


one 
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Fig. 1l—-Another method of positioning is to combine a 45- 
deg rack with a revolving trunnion as shown here. The 
track-mounted welding unit rides between trunnion fix- 
tures for large and small girders 


on the opposite side of the track and the welds made 
on the other side. 
The method, shown in Fig. 11, combines a 45-deg 


rack and a revolving trunnion. As can be seen, in 
the upper picture, the beam is laid in the rack and 
the welding head moves along parallel to the beam. 
Usually, joints diametrically opposite are welded in 
succession. This holds the distortion to a negligible 
amount. On this particular beam, where the flange 
is fairly thin and wide, strong backs with wedges are 
used to prevent angular distortion in the flange 
plates. This method is very seldom necessary, if 
the proper minimum-size weld is deposited. Usu- 
ally, the flange is heavy enough so that no chance of 
warpage beyond the normal mill-rolling tolerances or 
bridge specifications need be expected. The bottom 
picture in Fig. 11 shows a set of beams being welded 
in trunnions. This enables the beam to be rotated 
quickly and cuts down on crane time, also giving 
the best means of controlling distortion on long and 
light sections. If the sequence of welding and the 
time between welds is carefully planned, a minimum 
of distortion will occur. Beams up to 40 ft long 
have been welded by this method and come out 
extremely straight. It is such a simple matter to 
roll the beam over in the trunnion that very little 
time is required for this operation. 
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Fig. 12—This chart cannot provide for all variables 
in the various arc-welding methods, but it approximates 
the speed possibilities available 


Fig. 13—-In a tandem-arc setup like this, speeds are usually 
100% greater than that of a single automatic head. The 
/\-in. fillet on a beam can be made up to speeds of 90 iam 


Automatic Welding 

Automatic submerged-arc welding offers several 
methods of increasing welding speeds: 

(1) Use more current which causes higher melt-off 
rate of the electrode. 

(2) Use electrode negative polarity which will 
increase melt-off rate. This is not always possible, 
since electrode positive has some advantage for less 
porosity and more penetration, but, on clean work 
and on joints where fast deposition is more important 
than penetration, electrode negative will be at least 
20% faster. 





Fig. 14—A simple turning fixture can 
be fabricated out of plate to hold the 
beam or girder, and, when put on or- 
dinary turning rolls, the welder can 
easily handle the work to weld both 
sides in the most efficient sequence 


girders. The 


3) Smaller wires as used in semiautomatic units 
have increased melt-off rate over large diameter hand 
electrodes at the same current. The higher the 
current density, the greater the melt-off rate. 


4) Take advantage of the continuous aspect of 


automatic welding. ‘There is a much higher operat- 
ing factor, especially on long welds. 

5) Whenever possible, take advantage of the 
greater penetration of automatic and semiautomatic 
welding to reduce the size of weld required and to 
eliminate beveling or to reduce the size of the 
grooves, so that there is less metal to be deposited. 

6) When using full automatic welding, it is 
possible on long welds to go to twin-arc welding (2 
electrodes fed through one head from one power 
source) and get roughly 50% more speed than with a 
single electrode. Where feasible, two heads can be 
used in tandem (usually one d-c head followed by one 
a-c head—two electrodes, each with its own power 
source, but both close enough together to operate in 
the same molten crater). This usually doubles the 
speed over a single arc. It is possible on some high 
production welds of considerable length to go to more 
arcs in tandem, such as de-ac-dc, and get still greater 
speeds. 

The chart in Fig. 12 shows the approximate speeds 
obtained by the various arc-welding methods. It is 
difficult to include all the advantages and limitations 
of the various methods in a chart of this sort, but it 
does give a rough idea of the speed possibilities avail- 
able. 

The use of tandem-arc head is shown in Fig. 13. 
The first automatic head is a d-c unit and the 
following head is an a-c unit. The speeds obta ned 
by the use of tandem-arc welding are usually 100° 
greater than that of a single automatic head. The 
weld being made is a */,,-in. fil et on a tapered beam 
which can be made up to speeds of 90 ipm. 

In welding of large box beams, the problem of dis- 
tortion is minimized because of the great rigidity of 
the assembly as compared to the small sized welds 
that are needed. Both methods are used, welding 


Fig. 15—This is a twin-arc setup using 
two wires through a single contact jaw 
and single automatic head to make the 
fillet joining web to flange of large 
setup 
equipment and capital than tan- 
dem-arc operation 


Fig. 16—A mechanized semiautoma- 

tic welding unit was used to weld box 

sections of the Carquinez Straits 

Bridge. A specially built carriage 

rides the work as the gun deposits a 
sin. fillet in the corner joint 


involves less 


both welds on one side at a time, or the two welds at 
the bottom or top flange can be welded at the same 
time. Of course, in smaller shops with only one 
piece of automatic equipment, one weld is made at a 
time. 

In the lead photograph, Fig. 1, there are shown 
two automatic heads specially designed so that they 
run on the flange itself and automatically follow the 
contour of the drop center beam. The two welds 
on one side of the girder are made simultaneously. 
In a very small shop, box beams are also fabricated 
on a set of turning rolls by cutting out of plate a 
large disk that will hold the beam in place, so that it 
can be rolled over easily by the operator without the 
use of an overhead crane (Fig. 14). If several units 
are to be made of the same general size, a set of these 
circular plate fixtures can be made up in two parts 
and hinged, so that it is very easy to handle a run of 
beams by tacking or clamping them in these special 
disks which can then be placed on ordinary turning 
rolls to facilitate making welds diametrically oppo- 
site one another on each succeeding pass. This is 
especially valuable on heavy-plate fabrications, such 
as the one shown. The welds will have three to four 
passes on each side and the beam is usually rolled 
over between each pass, so that welds on opposite 
corners will tend to pull against each other and, 
therefore, eliminate distortion. The beam in the 
fixture happens to be T-1 steel and is welded with 
an alloy flux and mild-steel electrode to produce 
physical properties equal to that of the base metal. 

Other good applications of submerged-arc welding 
to reduce fabricating costs are illustrated in Figs. 15 
and 16. 
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Fig. 1—Convair’s B-58 in flight, with detachable bomb pod suspended beneath fuselage 


Sterling-Plus-Lithium Alloy Selected for Brazing 


B-58 Stainless-Steel Sandwich Panels 


after extensive testing and service experience with currently available alloys 


BY A. A. LANZARA AND A. M. SETAPEN 


Sterling silver, modified with 0.2°; lithium, has 
been selected as the standard filler metal for brazing 
the 17-7 PH stainless-steel sandwich panels for the B- 
58 Hustler (Fig.1). Extensive testing buttressed by 

A. A. LANZARA is a design specialist for Convair, Fort Worth 


lex. and A. M. SETAPEN is manager of the Brazing Products Divi 
sion of Handy & Harman, New York, N. Y 


Fig. 2~ Shading shows locations on aircraft where 
brazed sandwich panels are used 
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service experience indicate that, of all currently avail- 
able alloys, this lithium-modified filler provides the 
best combination of brazing and service properties 
for sandwich panels. It is not subject to crevice cor- 
rosion. Compared with silver-manganese alloy 
which at one time appeared quite promising, sterling 
silver with lithium does not require a wetting agent, 
can be brazed at lower temperatures with consequent 
savings in brazing time, reduced atmosphere con- 
sumption and prolonged tool life. Furthermore, the 
joint strength of the brazed panels is about 10° 
higher than is obtainable with silver manganese. 


Description of Sandwich Panels 
Although a relatively small fraction 
ft—of the all sandwich-panel aircraft consists of 
brazed panels (Fig. 2), their performance at high 
temperature is critically important. A total of 230 
brazed panels in the engine nacelles, wing trailing 
edge, and elevons must withstand temperatures up to 
800° F from the exhaust stream and radiant heat 
from the engine. An additional 71 panels (220 sq 


about 870 sq 





ft) are used in the wings and control surfaces of the 
detachable bomb pod, where the airfoil sections are 
subject to severe heating due to skin fraction at 
high speeds. The brazed sandwich panels are rated 
for a maximum service temperature of 900° F; 
the adhesive-bonded panels used elsewhere on the air- 
craft have a maximum service temperature of 300 
F. 

Four basic configurations of brazed sandwich pan- 
els are produced: wedge-shaped, flat, contoured and 
airfoil sections. 

Typical wedge sections are the three large panels 
on the trailing edge of the elevons (Fig. 3) where both 
surfaces are exposed to the air stream. The largest 
of these panels measures approximately 4 x 5 ft, and 
its thickness varies from about 4'/, in. to '/,, in. along 
the trailing edge. The thickness of the wedge sec- 
tions tapers in two directions: spanwise and chord- 
wise; the full-depth core of these sections is ma- 
chined to the exact tapers required. The average 
density for the wedge panels runs about 3 |b per sq 
ft. 

Flat panels are used as the upper and lower airfoil 
surfaces of the forward elevon box (Fig. 3). The av- 
erage size of these panels is about 40 x 16 x */; in. and 
their density is about 1.2 lb per sq ft. 

The contoured panels are used primarily in the aft 
section of the engine nacelles (Fig. 4). These panels 
generally are contoured to a sharp curvature. A 
typical panel is 32 x 38 in., */; in. thick, and has a 22- 
in. radius of curvature. The supporting struts for 
the inboard engine 
slightly contoured panels. The maximum density 
of these panels is 4.1 lb per sq ft. In most of the flat 
and contoured panels, only one skin is exposed to the 
airstream. 

Regardless of shape, all sandwich panels are made 
up of the same types of components. Essentially, 
each panel consists of the honeycomb-core material 
machined to the desired contour and depth, with a 
skin brazed to the upper and lower surfaces. To pro- 
vide additional strength and rigidity around the 
edges of the panels where most of the load is intro- 


nacelles are constructed of 


Fig. 3—View of elevon in left wing of the 
aircraft. Tapering sections in trailing 
edge are wedge sections with two ex- 
posed airfoil surfaces. Flat panels im- 
mediately in front of wedges cover hollow 
elevon box 


Fig. 4—Aft section of engine nacelles 
are constructed of highly contoured 
sandwich panels 
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Fig. 5—-Construction of a typical flat-brazed sandwich panel 


duced, flat or angle strips, called doublers, are sand- 
wiched between the skin and the edge-closure mem- 
ber. Depending on the type of the panel, the edge- 
closure members may be the Z-type, channel-type or 
solid slug. Figure 5 illustrated the components of a 
typical flat panel, and Fig. 6 illustrates the compo- 
nents of the wedge panels. 

All components of the honeycomb sandwich, ex- 
cept for the brazing alloy, are 17-7 PH stainless steel. 
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The core material consists of */,.-in. square, vented 
cells made from 0.0015-in. thick foil, with the nodes 
resistance welded. The density of the core material 
is approximately 9 lb per cu ft. The thickness of the 
surface skins varies with the location and function of 
the panel. The skins exposed to the airstream gener- 
ally range from 0.008 to 0.012 in. thick, but the thick- 
ness may be as high as 0.062 in. in heavily loaded pan- 
els, such as in the nacelle struts. For inner skins 
not exposed to the airstream, the skin thickness is 
0.005 to 0.008 in. 

The minimum allowable test strengths for a brazed 
panel, based on a '/.-in. thick specimen, are: 100,000 
psi in shear, 165,000 psi in bending, and 165,000 psi 
in edgewise compression. 


Evaluation of Brazing Alloys 

Many difficult problems had to be overcome in 
translating the concept of honeycomb construction 
into production panels having the required mechani- 
cal strength and dimensional tolerances. These in- 
cluded development of precise methods for machin- 
ing the cores, assembly, tooling, brazing and inspec- 
tion. Not the least of these problems was finding a 
brazing alloy having the necessary combination of 
brazing properties, service properties and _ high- 
temperature strength. The alloy must have good 
flow, wetting, filleting characteristics, good corrosion 
resistance with 17-7 PH stainless steel, as well as 
satisfactory joint strength between —100 to +900 
F. 

Before lithium-modified sterling silver was finally 
selected, nearly two dozen brazing alloys were 
screened and thoroughly evaluated. These filler 
metals were of two basic types: the nickel-base and 
silver-base alloys. 

The study showed that, as a group, the nickel-base 
brazing alloys tested had the best shear strength at 
room and elevated temperatures, but that most of 
the alloying elements used to reduce the melting 
point of the alloys had adverse effects on the 17-7 PH 
steel. The alloys containing phosphorus form brit- 
tle iron phosphides with the base metal, causing low- 
ered joint strength. The alloys containing manga- 
nese, silicon or boron dissolve the base metal. Boron 
is particularly objectionable because of its strong 
tendency to penetrate stainless steel, which auto- 
matically excludes the boron-containing alloys for 
brazing the thin gage metals used in sandwich con- 
struction. It was found that these elements pri- 
marily attacked the areas around the fillet, and 
that test joints brazed with these alloys generally 
failed at the inner face between the base metal and 
the fillet. 

Among the various silver-base alloys containing 
high percentages of copper (28 to 85%), wetting ac- 
tion was low except for those modified with 0.5; 
lithium. The addition of lithium to the silver-cop- 
per eutectic (BAg-8) improved the wetting action of 
the alloy considerably, but increased its already-high 
fluidity (due to its narrow melting range) to the ex- 
tent where filleting was inadequate. Fine silver- 
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Fig. 6—Construction of a typical wedge-shape 
sandwich panel 


plus-lithium had good wetting and brazing charac- 
teristics and excellent resistance to corrosion and 
crevice corrosion, but its mechanical strength was 
low. 


Corrosion Tests 

As part of the evaluation program, an extensive 
series of tests was conducted to compare the proper- 
ties of joints brazed with silver-manganese (with and 
without lithium) and with sterling silver-plus-lith- 
ium. The results showed that sterling-silver joints 
were not only somewhat stronger but also vastly su- 
perior in corrosion resistance. 

Before discussing some of the results of the corro- 
sion tests, it should be mentioned that the tests were 
conducted under accelerated conditions not ap- 
proached in actual service. Also crevice corrosion 
is not inevitable in silver-manganese joints. Its oc- 
currence and its rate of development are affected by 
many variables, including the nature of the joint, 
the quality of the braze, how well the joint is sealed 
off from the atmosphere and environmental condi- 
tions. Nonetheless, the tests did show that silver 
manganese is considerably more susceptible to crev- 
ice corrosion than sterling silver. 

Figures 7a-d show photographically the signifi- 
cant difference in corrosion resistance between the 
two brazing alloys observed during the accelerated 
tests. Figure 7a shows a specimen of honeycomb 
panel brazed with silver-manganese alloy peel- 
tested after several months’ immersion in water. 
The stainless-steel skin could be peeled from the 
core with relative ease. Further evidence of the 
corrosion process can be seen in the deterioration of 
the cell walls in the core material. The corrosion at 
the base metal is believed due to the manganese-rich 
layer formed from the brazing alloy and to the for- 
mation of oxide cells under the edges of the fillets. 

Figure 7b is a photomicrograph of a core-to-skin 
joint in a sterling-plus-lithium specimen after 100 
hours’ exposure in a salt-spray cabinet. The joint 
shows no sign of deterioration whereas silver-man- 





ganese joints were badly affected under the same ex- 
posure conditions. This photo also illustrates how 
the excellent fluidity of the sterling-silver filler metal 
enabled the alloy to fill completely the capillary space 
between the nodes, and bond the individual thick- 
nesses of metal into single structural unit. 

Figure 7c shows the deterioration occurring in a 
silver-manganese joint in a panel after many months’ 
exposure in air. Corrosion has destroyed the core- 
brazing alloy interface and is progressing between the 
fillet and the stainless-steel skin. Figure 7d is a 


Fig. 7a—Typical case of crevice corrosion in accelerated test 
of sandwich panel brazed with silver manganese after 
several months’ immersion in water. Peel resistance was 
low, skin and core badly deteriorated by corrosion. Magni- 
fication about X 8, reduced by 50% upon reproduction 
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Fig. 7b—Typical joint in test panel brazed with sterling silver- 
lithium alloy, after 100 hours’ exposure to salt spray (not 
etched). Joint shows no evidence of deterioration. Note 
that the alloy fills the space between the node walls. Magni- 
fication about X 750, reduced by 50% upon reproduction 


large magnification of one section of this joint where 
failure has not yet occurred, showing the c- ‘on 
progressing along the alloy-base metal inter: 


Other Advantages 

Besides its inherently better corrosion resistance, 
the lithium-modified sterling-silver alloy provides ad- 
vantages both in joint performance and in the braz- 
ing cycle as compared with silver manganese. First, 
the strength of the sandwich panel is about 10% 


higher with sterling silver. This is probably due to 


Fig. 7c—Joint in panel brazed with silver-manganese alloy 
after many months’ exposure in air (not etched). Corrosion 
has removed core-braze metal interface and is progressing 
between fillet and skin. Magnification about X 450, reduced 
by 50% upon reproduction 


Fig. 7d—Enlarged section of joint shown in Fig. 7c taken at a 
point where failure had not yet occurred. The corrosion is 
progressing along the interface between the braze alloy and 
17-7 PH skin. Magnification about X 340, reduced by 50% 
upon reproduction 
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the ability of the molten alloy to fill the spaces be- 
tween cell nodes (Fig. 76) and bond them into a single 
structural unit with particularly good resistance to 
compressive stress. The lithium modification contri- 
butes considerably to the ability of the sterling-silver 
alloy to wet and flow into these capillary spaces. 

An advantage in the production cycle is the fact 
that the sterling silver can be brazed at 1650° F, 
compared with 1815° F for silver manganese. The 
lower brazing temperature decreases the length of 
the brazing cycle by about 15% and reduces the 
consumption of argon atmosphere proportionately. 
Furthermore, the lower brazing temperature pro- 
longs the life of the tooling, braze boxes, retorts and 
furnace linings. 

The excellent wetting and fluxing action of the 
lithium-modified alloy makes it possible to eliminate 
the use of sodium tetraborate which was required to 
obtain good wetting with silver manganese. The ap- 
plication of this wetting agent on the test panels was 
a time-consuming operation since it had to be 
brushed on carefully to produce an even coating, and 
the parts had to be thoroughly dried and carefully 
handled to avoid flaking off the coating. In addi- 
tion, certain areas had to be masked off before ap- 
plying the wetting agent to prevent the possibility of 
trapping solid particles under faying surfaces. 

On the debit side of the ledger, the sterling silver 
forms somewhat smaller fillets than does silver man- 
ganese. Sizable fillets are of course desirable since 
they improve the intercellular buckling strength. 
However, added strength that results because the 
sterling-silver alloy can bond the interstices between 
the cell nodes more than offsets the effect of the 
smaller fillets. 

The high fluidity of the sterling-plus-lithium alloy, 
while generally advantageous, can be a problem in 
certain instances. On severely contoured panels, the 
molten alloy tends to drain to the low point of the 
curvature which decreases the fillet size in the higher 
sections. New forms of brazing alloys and brazing 
methods are being experimented with to overcome 
this problem. One approach appears to be the use 


Fig. 8—Contoured nacelle panel in assembly fixture showing 
core edge being resistance brazed to edge member 
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of tri-metal strip consisting of a fine-silver center 
with sterling silver as the outer layers. When the 
alloy becomes molten, the copper in the sterling 
silver tends to diffuse into the pure-silver center, thus 
raising the melting point of the outer layers. This 
makes the alloy more sluggish and inhibits the 
amount of run-off. Various thickness ratios of tri- 
metal laminations from 1:3:1 to 1:6:1 are currently 
under test. Other approaches are also being consid- 
ered. 

Preparation and Assembly 

The preparation and assembly of the sandwich 
panels are preceded by careful inspection of the 
core material and edge members for proper dimen- 
sion and contour. Close tolerances are especially 
important between the core and preformed edge- 
closure members to assure a solid braze, since the 
perimeter of the panel is usually the point of load 
transfer. Every panel is prefitted to make certain 
that the total tolerance buildup does not exceed 
0.003 in. 

Having passed the prefit stage, all components in- 
cluding the brazing alloy are thoroughly cleaned ac- 
cording to the sequence listed in Table 1. The clean- 
ing and rinse tanks are used only for sandwich-panel 
components to prevent possible contamination by 
other materials. Once cleaned, the parts are han- 
dled only with clean rubber or cotton gloves. It is es- 
sential to prevent any perspiration, oil or dirt from 
depositing on any of the brazing surfaces since the 
brazing alloy may not wet the contaminated spots. 

The sandwich pane!s are assembled in special dust- 
free rooms, maintained at a slight positive pressure 
to prevent smoke, plant dust and other contami- 
nators from entering the area. Standards of cleanli- 
ness, equivalent to those needed to assemble preci- 
sion instruments, are essential to assure consistent 
good quality in production panels. 

The sandwich panels are assembled in special fix- 
tures. The assembly sequence for a typical panel is 
as follows: 

(1) The lower skin is placed first (during lay up). 


Fig. 9—Resistance tack brazing doubler to edge member. 
Round inserts in core will be brazed to skin 
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Table 1—Cleaning Process for All 17-7 PH Details 


Step Process 
- Vapor degrease 
r Alkaline clean 


ag Rinse (constant 
overflow) 


Tap water 


Acid clean 


Solution composition 
Stabilized trichlorethylene 
Alkaline cleaner: 8-10 oz per gal 


Solution 
temp. 


225° F 
180-190° F 
120-140° F 


Time 
10 min 
20-30 min 


10 min 


Sulfuric acid—20% by volume 
Nitric acid—10% by volume 


Room temp. 


Hydrofluoric acid—2% by 


volume 


Sodium dichromate—1% by 


volume 


Rinse (constant Tap water 


overflow) 


Spray rinse 


Dry Room temp. or hot air 


De-ionized water 


120-140° F 3 cycles 
2 min each 


Room temp. 30 sec + 


140° F max. 
until dry 





* Cleaning sequence for sterling-plus-lithium brazing alloy also 


(2) A sheet of brazing alloy comes next. Gener- 
ally 0.002-in. alloy is used, except on wedge panels 
more than 1 in thick, where a 0.004 in. thickness is 
used. 

(3) Doublers and edge members are placed and 
both tack brazed to the skin. 

(4) Core material is placed and aligned with the 
edge members, with strips of brazing alloy inserted 
between the edge members and sides of the core. 
Edge members and core tack brazed together (Fig. 
8). 

(5) Necessary doublers placed and tacked to up- 
per side of edge members (Fig. 9). 


(6) Brazing-alloy sheet placed on upper surface of 


core (Fig. 10). 

(7) Upper skin placed over brazing alloy and 
tack brazed. At this point the completed panel 
assembly is transferred to the braze box where it 
will be sealed in for the entire brazing and heat- 
treating operation. 

The panel assembly is placed in the braze box on 


Fig. 10—Placing the sterling silver-lithium alloy foil 
onto the core surface during assembly 


top of a graphite reference form contoured precisely 
to the panel surface. A thin 17-7 steel sheet, called 
a lower cover sheet, is used to separate the panel 
from the graphite block to prevent possible carburi- 
zation from the graphite. Braze forms are placed 
against the sides of the edge members to prevent dis- 
tortion and to transfer loads created by the pressure 
when the braze box is evacuated. The upper skin is 
then covered with a top cover sheet. The upper and 
lower cover sheets and brazing forms are coated with 
a mixture of powdered alumina in acrylic cement to 
prevent the tooling from brazing to the panel skin in 
case any of the brazing alloy exudes from inside the 
panel. After the top cover sheet is covered with a 
sheet of fiberfrax, which acts as an insulator, the 
braze box is ready for “canning.” This is accom- 
plished by welding a thin sheet to the flanges of the 
braze box (Fig. 11) to provide an airtight seal. This 
vacuum sheet collapses inwards when the vacuum is 


Fig. 11—-Panel located on graphite block inside of braze box. 
White coating is stop-off applied to lower cover sheet (over 
graphite), to braze forms around edge of panel and to 
vacuum sheet. The vacuum sheet is shown rolled back. 
It will be welded to the edge of the braze box to provide a 
vacuum Seal 
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drawn on the brazing box and applies uniform hold- 
ing pressure and heat transfer against the entire sur- 
face of the sandwich panel. The braze boxes are 
maintained under vacuum during the brazing and 
heat-treating cycles and are surrounded by the argon 
atmosphere in the retort. 


Brazing and Heat Treating 

The sandwich panel is brazed and receives its 
initial heat treatment during a continuous heating cy- 
cle. The entire operation is conducted with the 
sealed brazed box enclosed in the retort. Before the 
heating cycle, the retort and braze box are purged 
(—100° F dew point) to remove all 

The braze box is finally evacuated to 


with argon 
traces of air. 


14-20 in. Hg of vacuum, depending on the panel 
After the purge cycle, the retort is moved into 


type. 





Table 2—Brazing and Heat-Treatment Conditions 
of Stainless-Steel Sandwich Panels 


Tem- 
Conditions perature 
Cycle purge and flow purge Room 
with dry argon (—100° F 
dew point) 


Operation 


. Purge braze box 
and retort 


10-24-in. Hg vacuum in box; 
'/, OZ argon pressure in re- 
tort 


. Braze 


Fast cool from 1650° F; 
same atmosphere as (2) 


. Transformation 
treatment 


Fast cool; maintain argon 
atmosphere in retort and 
box down to room tem- 
perature 


. Air cool 


. Refrigerate Braze box lines open 
(Complete trans- 


formation) 


Box purged with argon; 
lines sealed 


). Precipitation 
hardening (con- 
dition TH 1050) 





Fig. 12-—Retort in furnace at left during brazing cycle, show- 
ing door of retort with vacuum and argon lines connected. 
Retort at right is in cooling station 
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the brazing furnace for the heating cycle (Fig. 12). 
Thermocouples attached to the surface of the braze 
box provide a continuous and accurate indication of 
the process temperatures during the entire cycle. 
The brazing phase of the cycle takes approximately 
10 min at 1650° F; the remainder of the cycle is for 
the initial heat treatment. The various operating 
conditions for the entire brazing and subsequent heat 
treatment are listed in Table 2. 


Inspection and Testing 

Every sandwich panel is inspected after brazing. 
In addition to dimensional and contour checks, the 
post-braze inspection consists of checking the heat- 
treat condition of the skin as well as the quality and 
completeness of the braze. The heat treatment is 
checked by tensile tests of test coupons run with each 
panel-—usually an excess of skin provides these cou- 
pons. Completeness of braze is checked by radio- 
graphing every panel. The strength of the braze is 
tested by flash heating. This is done with a quartz 
heater (Fig. 13) which heats a 4-in. diam area of the 
panel surface very rapidly (about 200° F rise per 
second). The thermal stresses produced exert a 
compressive stress on the core and tensile stress on 
the joint. The 0.005-in. skins are heated to 650° F 
and gages between 0.008 in. and 0.016 in. are heated 
to 800° F. The resulting localized thermal stresses 
will rupture a weak braze immediately. 

The development of stainless-steel sandwiches, and 
practical techniques of assembling and brazing them 
in quantity, have made a vital contribution to the 
performance of the B-58. These sandwich panels 
have an exceptionally high strength-to-weight ratio, 
particularly at elevated temperatures and compared 
with conventional sheet steel and stiffener design of 
equal load capacity, the panels save many hundreds 
of pounds per aircraft. There is little question that 
the development of future aircraft and missile struc- 
tures capable of higher operational speeds and tem- 
peratures has been significantly accelerated by the 
experience accumulated in brazing stainless-steel 
sandwich panels with the sterling silver-lithium alloy. 


Fig. 13 Flash testing a section of full-depth core in a com- 
plete brazed elevon 





A powerful circle of floodlights 
allows construction of the con- 
tainment vessel for the Dresden 
Nuclear Power Station to 
continue unhampered by darkness 
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Automatic 
Welding Techniques 
Speed Erection of 


Reactor 


Vessels 


Field fabrication of containment vessels aided by developing special welding positioners 
and by perfecting techniques for handling and erecting large preassembled sections 


The greater the weld footage and the thicker the 
plate being welded, the more desirable it is to weld 
field-erected pressure vessels automatically. Most 
atomic-power reactor housings are quite large and 
are constructed of relatively thick plate. Therefore, 
automatic welding is a very desirable erection tech- 
nique. 

Chicago Bridge & Iron Co. has constructed six 
large reactor containment vessels and is currently 
engaged in building four more. In four of the com- 
pleted vessels, and in three of those under construc- 
tion, over half of the welds were, or will be, made 
automatically——either by using specially designed 
welding machines or by automatic welding of several 
individual plates together ‘‘on the ground.’ This 


W. A. DAVIS is Development Engineer for the Chicago Bridge & Iron 
Co., Chicago, Tl. 


latter technique was made possible primarily by the 
development of special welding positioners and by 
perfecting techniques for handling and erecting large 
preassembled sections. 


West Milton 


The first of the reactor housings built by CB&I, the 
225-ft diam sphere shown in Fig. 1, was constructed 
for General Electric Co.’s Knolls Atomic Laboratory 
at West Milton, N. Y. At the time this sphere was 
constructed, its volume, 6,000,000 cu ft, was 26 times 
that of the next largest spherical pressure vessel ever 
erected. Its shell plate averages 1 in. thick and the 
total area of shell plate is about 4 acres. The com- 
pleted vessel consists of 7,000,000 |b of steel held to- 
gether by over 5 miles of welds, every inch X-rayed. 
Over 11 miles of cable for rigging were used in its con- 
struction. 
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Fig. 1—-Reactor housing at the Knolls Atomic Laboratory, 
West Milton, N.Y. One ofthe first projects at this laboratory 
was the development of a nuclear-power plant for sub- 
marines 





Two-plate sections were automatically welded into 
four-plate sections at West Milton on these rotating posi- 
tioners. Two crawler cranes (part of one is at left, the boom 
of the other is in background) handled plates and plate sec- 
tions, and also provided power to tilt and rotate the tables 
through whip lines attached to the bull wheels 


Fig. 2 


Despite the fact that all the horizontal joints had 
to be hand welded in position, over half of the total 
welds were made with automatic machines by ground 
assembling four-plate sections on specially designed 
welding positioners. Selection of assembly units, 
consisting of four individual plates, was determined 
primarily by their size rather than their weight. 

Two sets of welding positioners were used. First, 
two single plates were joined on a frame which could 
be tilted to keep the joint level at the point of weld- 
ing. Then the two-plate section was turned over by 
a crawler crane and the second side of the joint was 
welded in the same manner. 


Rotating Tables 
Two plate sections were combined into four plate 
assemblies, about 32 x 36 ft and weighing about 23 
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Fig. 3—Nonspherical reactor housing of the Enrico Fermi 
Atomic Power Plant at Lagoona Beach, Mich. This fast 
breeder reactor will distribute 100,000 kw 


tons each, on two larger positioners. These posi- 
tioners, shown in Fig. 2, consisted of a structural 
frame having a spherical radius the same as the 
sphere which could be rotated about a horizontal axis 
through 360 deg. Rotation permitted tilting to 
keep the joint level at the point of welding and also 
allowed the entire assembly section to be inverted for 
welding the second side. Four hold-down beams 
clamped the assembly firmly in place during inver- 
sion. 

Specially developed automatic welding machines 
were used on the job. One machine used two weld- 
ing tips and three-phase a-c current with each of the 
tips and the plate itself operating on a separate phase. 
Another machine was d-c straight polarity and had 
only one tip. 

The individual plates, the two-plate assemblies and 
the completed four-plate sections were handled on 
the ground by two crawler cranes. The whipline 
from one of the cranes was attached to the positioner 
frame through a large wheel (similar to a bull wheel 
on a derrick) to invert the main welding positioners. 

A 100-ton capacity guyed derrick, located on top 
of a 250-ft structural tower, lifted the completed sec- 
tions into place in the sphere. Its mast extended 
170 ft above the tower and its boom was 135 ft long. 
The sphere was completed in 12 months and it 
successfully passed its overload pressure test on 
Labor Day, 1953. 


Lagoona Beach 

Some other reactor housings are not of spherical 
design and do not lend themselves to the same auto- 
matic welding techniques used at West Milton. One 
of these vessels was completed at Lagoona Beach, 


Fig. 4—-Because of the various shapes of the different sec- 
tions of the housing, all plates at Lagoona Beach were welded 
in ground assemblies made by hand welds. However, 2000 
ft of circumferential joints in the cylindrical section were 
automatically welded by this automatic girth welding 
machine which straddles the upper course of plates and 
simultaneously welds both sides of the joint with the course 
below 


Mich., in 1957 for the Power Reactor Development 
Co., an organization of 26 power companies. It isa 
vertical cylinder with an elliptical bottom head and a 
hemispherical top head (Fig. 3). It is 72 ft in diam 
and has an over-all height of 120 ft. Plate thickness 
varies from */; to 1'/, in. and its total weight is 
about 720 tons. 

Because of the various elliptical, spherical and 
cylindrical surfaces, no ground assemblies were 
welded automatically. The difficulty of making 
different-shaped welding positioners was deemed not 
worth the savings involved. However, it was pos- 
sible to weld automatically some 2000 ft of joints in 
the cylindrical portion of the housing. These hori- 
zontal, circumferential joints were welded in position 
using an automatic girth unit, a special submerged- 
arc welding machine. 

The automatic girth welding machine (Fig. 4 
straddles and travels on one horizontal course of 
plates while welding it to the course below. Two 
automatic heads weld each side of the joints simulta- 
neously. Endless belts support a_ substantially 
stationary bed of flux at the point of welding, and, 
as the machine travels, additional flux drops onto 
the belts ahead of the welding heads 
vacuum system picks up the unused flux behind the 
head. 

By bringing the automatic machine to the work, 
high-quality submerged-arc welding was obtained 
without welding positioners and without the high- 


while a 













Fig. 5—An assembly derrick places a single-plate concave 
side up on one of the tilt tables at Dresden. Note convex 
side of a four-plate section, already welded on the concave 
side, being welded on the tabie in the background 


capacity erection equipment required to handle 
heavier preassembled shell same 
technique was also used in the erection of the cylin- 
drical sections of the containment vessel built in 1957 
at Dayton, Ohio, for the U.S. Air Force, and will be 
used in the erection of the containment structure for 
the reactor now under construction at Elk River, 
Minn., for the Rural Power Cooperative Assn. 
Hand welding techniques were considered more 
economical for erecting pressure vessels for two 
smaller reactors, one of which has been completed at 
Cambridge, Mass., for the Massachusetts Institute of 
Technology and one which is under construction at 
Fort Greeley, Alaska, for the Army Corps of Engi- 
neers, although both are basically cylindrical. 
Limited to cylindrical shells, the automatic girth 
welding machine is also used extensively on petro- 
leum storage tanks and water storage reservoirs. 


sections. The 


Dresden 

The most recently completed nuclear-reactor 
housing was another large sphere. Completed in 
April 1958 at the Dresden Nuclear Power Station of 
the Commonwealth Edison Co., Chicago, IIll., it is 
190 ft in diam. Having shell plates from 1.25 to 
1.40 in. thick, the vessel weighs approximately 
7,000,000 lb. It consists of 492 individual shell 
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Fig. 6— Welding plates on a positioner at Dresden with a 
dual-tip submerged-arc welding machine. Two tips 
were used to produce higher impact strength in the weld 
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Fig. 7 Close-up of one of the Dresden positioners 
showing the central pylon support and the tele- 
scoping hydraulic-arrester safety supports 
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Fig. 8-A complete four-plate assembly ready for erection 
into the upper portion of the Dresden sphere. The section 
is suspended in its final attitude to land in position easily, 
and its upper portion is ‘‘dressed"’ with scaffolding and 
erection gadgets 
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plates joined by approximately 3'/, miles of welds, 
all 100% X-rayed. 

The method used to perform a maximum of weld- 
ing automatically was based on the experience 
afforded by the West Milton sphere. Four-plate 
sections, approximately 35 x 36 ft and weighing as 
much as 71,000 ib, were preassembled on special 
welding positioners. Two tilt-table type positioners 
were used. One held four-plate assemblies concave 
side up, the other supported them convex side up. 

Except for the contour plates, construction of the 
two positioners was identical. Each consisted of a 
structural frame connected to a center pylon through 
a trunnion or universal joint which allowed tilting 
in any direction. Two identical motorized winches, 
connected to the positioners through cables located 
at right angles to each other, supplied tilting power. 
A 50-ton guyed derrick was used to lift plates on and 
off the tilt table and to turn sections over (Fig. 5). 


Preassembly 

Four plates were placed on the first positioner 
concave side up so that their joints were in line 
with one of the tilting motions. After fitting the 
joints for welding, the tilting mechanism transverse 
to the joints was actuated until the joint to be welded 
formed a part of a great circle whose plane was truly 
vertical. Then the other tilting mechanism was 
operated to keep the point of welding level during 
welding (Fig. 6). This operation was repeated until 
all of the joints on one four-plate assembly were 
welded from the concave side. Then the assembly 
was removed by the derrick, turned over and placed, 
convex side up, on the second table where the opera- 
tion was repeated. 

Four hydraulic arresters, spaced equally around 
the tables between the structural frame and the 
foundation, protected against the possibility of cable 
damage or failure. Each arrester consisted of a 
cylinder with a piston containing a restricting orifice 

Fig. 7). The size of the orifice was such that the 
force required to pass the hydraulic fluid at normal 
operating speeds was insignificant, yet, in the event 
of cable failure, the speed of descent of the tilt-table 
was safely controlled. 

The two-directional tilt-tables proved to be an 
improvement over the inverting table used on the 
first containment sphere. The ability to weld three 
joints, once the four plates were placed on the table, 
reduced plate handling considerably. In addition, 
the use of a separate table to weld each side elimi- 
nated the excavation necessary under the inverting 
table to allow it to turn over. The structural frame 
of each table was also lighter and smaller, thus 
facilitating shipment between contracts. 

Two-directional tilt tables similar to those used at 
Dresden are currently being used in the erection of 
two more nuclear-reactor containment vessels. 
These new vessels are a 160-ft diam sphere for the 
Consolidated Edison Co. at Indian Point, N. Y., and 
a 125-ft diam sphere for the Yankee Atomic Electric 
Co. at Lowell, Mass. 





Fig. 1—Fusion of a closure joint (consumable weld insert) with the inert-gas-shielded tungsten-arc process 


Training 
of Inert-Gas Welders at an Atomic Power Plant 


Three weeks of specialized training 
insures the welders’ higher skill 

in performing the work under 
variable conditions of production 


BY G.J.GREEN AND D.E. CALLAHAN 


The need for specialized training of welders working 
on the nuclear portion of the AEC-Duquesne Light 
Co. atomic power plant at Shippingport, Pa., was 
recognized during the early meetings held at the site 
to determine labor requirements. 

Welding techniques and the process involved in 
much of the work to be performed, although not 
exactly new or untried, had been used previously only 
on specialized projects and for a comparatively short 
time. It was obvious that, regardless of their abil- 
ity, few if any of the welders who might be available 
would have had experience with the process to be 
used. It thus became necessary for Dravo Corp., 
the installation contractor for Westinghouse Elec- 
tric Corp. who designed and built the nuclear portion 
of the plant, to set up a training program. 

Specifications for a large portion of the piping 
called for the use of the inert-gas-shielded tungsten- 
arc process for root-pass welding of pipe joints. 
Although this process has been in existence for many 


G. J. GREEN is a Welding Engineer and D. E. CALLAHAN is Assistant 
Welding Engineer in the Machinery Division at the Dravo Corp 


years, its application has been limited. In the past 
several years, it has been found to be the most satis- 
factory process in performing work such as that re- 
quired for the Shippingport piping. However, the 
vast majority of all welding has been by the manual 
shielded metal-arc process. This has resulted in the 
availability of a sizable number of skilled manual 
welders. 


Planning Training Program 


The first question that arose during the planning 
of the training program concerned the length of time 
it would take to train manual welders to become effi- 
cient in the use of the inert-gas tungsten-arc process. 
Information available from those familiar with the 
inert-gas process led to the decision that the selection 
of highly skilled manual welders would no doubt 
shorten the training time required. 

Although the initial training time was of great im- 
portance, there was still another problem worthy of 
even greater concern. Quite often a versatile per- 
son can, with concerted training, become proficient 
enough in a welding process to pass the prescribed 
tests in a very short period of time. It was recog- 
nized that such limited training would be unwise for 
the work involved on this job, and that sufficient 
practice should be included in the training to insure 
the welders’ higher skill in performing the work under 
variable conditions of production. 

Specifications for piping in the atomic reactor area 
called for the use of a consumable weld insert for all 
butt welds in stainless-steel pipe material and a 
flared-root joint for butt welds in specific carbon- 
steel systems. Although differing somewhat in de- 
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UY : 
CONSUMABLE WELD-INSERT JOINT 





FLARED-ROOT WELD JOINT 


Fig. 2-Geometry of specialized joints 






Fig. 4—Preparation of stainless-steel 
for fit-up of consumable weld insert 


training coupons 





Fig. 3~-Manual shielded metal-arc welding of main coolant 
piping after completion of root fusion by inert-gas process 


sign, both types of joint (Fig. 2) are generally similar. 
Both are used to secure a very high quality of root 
area on the inside surface of the joint, and the inert- 
gas process is used for the fusion of the root area. 

Internal purging is also required for each design. 
To insure the quality required, the joint preparation 
must be very accurate with the limited tolerance per- 
mitted. Because of the accurate machining and fit- 
up required to obtain proper fusion, it was realized 
that any unsatisfactory welded joint would be diffi- 
cult and costly to repair. 

Fusion of a consumable weld insert on a closure 
joint is shown in Fig. 1. Manual welding of a joint 
after completion of the insert fusion is shown in Fig. 
3. This latter joint was one of 89 performed in erect- 
ing the 18-in. OD by 1'/.-in. wall main coolant piping. 
A study of these illustrations gives some idea of what 
could be involved if a weld had to be replaced or re- 
paired. 


Training the First Group 


The training program was set up with a three-week 
basic course. Ten booths were fully equipped for 
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Fig. 5—Experimental use of test coupons 
for training program 


inert-gas welding and gas purging. It was decided 
to assign 20 welders to a group, splitting their time 
between actual welding practice and observing in con- 
junction with related instruction. The initial in- 
structors were highly skilled personnel provided by 
welding equipment manufacturers. Without a 
doubt, the success of the training program rested on 
the ability of these instructors. As the training pro- 
gressed, these instructors were replaced by some of 
the men who had completed their training and 
passed the required tests. 

The first group of 20 men spent their first week 
making fusion pass welds on carbon-steel nipples 
with the flared-root joint. Within this time, they 
were required to make three consecutive complete 
fusion passes acceptable to the inspector. Accept- 
ance was determined by visual inspection for lack of 
fusion, concavity and irregularity of bead shape. 

Each welder was then given a regular qualification 
test in both the horizontal-fixed and vertical-fixed 
positions using 6-in., Schedule 80 carbon-steel pipe 
coupons. The testing was conducted by an outside 
testing agency and was performed in accordance with 

















ASME Section IX, Welding Qualifications Code. 

Upon completion of the training and testing on 
carbon steel with the flared-root joint, the next two 
weeks were devoted to training in the fusion of the 
consumable weld insert, using 4-in., Schedule 80 
stainless-steel practice coupons. Here, again, em- 
phasis was placed on the contour of the internal 
fused bead and the uniformity required. 

Instruction also was given in the correct fitting 
and tacking of the insert. The progress of each man 
was checked by the instructor in much the same 
manner as had been done in the carbon-steel training. 
When the welder could consistently make satisfac- 
tory root fusion passes, he was permitted to take his 
qualification test using 6-in. stainless-steel pipe 
coupons with wall thickness of */, in. or above. 


Two Basic Requirements 


In the planning of the training program and during 
its operation, two requirements were constantly 
stressed. First, the required number of welders had 
to be trained in the shortest time possible. Second, 
the program had to be conducted in an economical 
manner, for waste of the materials required could 
become very costly. The 4-in. Schedule 80 stain- 
less-steel pipe coupons used for training and practice 
were selected as the smallest size suitable for success- 
ful training speed and quality. 

The selection of this size of coupon helped from the 
standpoint of economy, but presented a problem 
discovered at the start of the program. The fusion 
of the insert in a 4-in. joint was completed in a very 
short time, and it was soon realized that if the training 
were to be maintained at the speed required, a large 
supply of prepared coupons would be needed. 


Fig. 6—-Preparation for radiography of the root 
area of a main coolant-piping joint 






The coupons were cut to 4-in. lengths and ma- 
chined on both ends with the required joint prepara- 
tions. Figure 4 shows a few of these coupons being 
prepared for fit-up of the consumable weld insert. 
As a welder completed the fusion of the insert, the 
joint was cut apart and the coupons refitted, using 
the opposite ends. 

After completion of the fusion of this second fit-up, 
the coupons were returned for remachining. With 
the original 4-in. length, it was possible to repeat this 
sequence several times. Short coupons were fitted 
to 4-in. lengths for further economy, as shown in Fig. 
5. All of this planning reduced the total amount of 
pipe material, but required further planning to keep 
a sufficient number of prepared coupons available. 

As the training progressed, steps were taken to re- 
duce the program whenever possible. There being 
a relatively smaller number of flared-root joints re- 
quired, this part of the program was eliminated when 
it was determined that sufficient qualified men were 
available. The groups were then reduced to 10 men, 
permitting each man full-practice time and cutting 
the over-all training time considerably. Sooner than 
expected, need for the program came to an end. 


Evaluation of Results 

To highlight the success of the training program, 
perhaps a few interesting figures would suffice. 

In the qualification of welders, 76 men passed the 
prescribed tests for welding joints with the consum- 
able weld insert, and 18 passed the required tests for 
the flared-root joint. 

Over 5000 ft of consumable-weld-insert material 
were consumed, including that used in training. 

The large number of stainless-steel welds can be 
visualized from the accomplishments of the Fabricat- 
ing Shop, where approximately 3000 welds were made 
in 2-in. Schedule 160 stainless-steel pipe alone. 

All stainless-steel butt welds required radiographic 
inspection of the completed root area and the finished 
weld. Figure 6 shows the preparation for radio- 
graphing the root area in a joint of the main coolant 
piping. Records on file show the exceptionally small 
amount of repair that was required. That would 
seem ample justification for the opinion that the suc- 
cessful training of the welders played an important 
part in the high quality of the work performed. 

Perhaps the greatest contributing factor to the 
success of the training program has been overlooked, 
and conclusion of this report without some refer- 
ence to it would be unjust and incomplete. We re- 
fer to the type of men who received the training and 
performed the work. ‘The men selected for the train- 
ing were, without a doubt, some of the best manual 
arc welders in the country. Their desire to master 
welding by the inert-gas process, and the interest they 
showed in performing the work in production, 
helped considerably to make the training program 
successful. Just how successful this program might 
have been with men of less skill still remains un- 
known, but no doubt a much longer training period 
would have been required. 
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(a) 


Fig. 1—-Diagram of electro-slag welding process. (a) Basic diagram of the process. 
(b) Welding with a single electrode having a stationary axis for metals up to 2°/; in. 
thick. (c) Welding with three oscillating (reciprocating) electrodes for metals up to 
17 */,in. thick. (d) Multi-electrode welding, for practically unlimited thickness. 1, 
The welded metal; 2, slag-holders; 3, slag bath; 4, electrode wire; 5, metal bath; 
6, the weld; 7, water pipes 











Information drawn from Russian literature indicates that the 























Electro-Slag Method 


of Welding Metals of Large Thickness 


is a highly productive process for welding very thick components 


BY M. M. BARASH, W. B. HEGINBOTHAM, AND P. B. L. OXLEY 


In recent years, a highly productive method of weld- 
ing very thick components has been developed in the 
Soviet Union. Unlike arc welding, the heat in elec- 
tro-slag welding, as it is called, is obtained by the 
passage of electric current through a bath of molten 
slag. The diagram of this method is given in Fig. 1. 


Details of Process 

A bath of molten slag is formed between the edges 
of the components to be welded and the water-cooled 
copper plates which serve as slagholders. A melting 
electrode wire is continuously fed into the molten 
slag. The electric current passing through the 
electro-conductive liquid slag maintains the tem- 
perature at a high level; this causes the melting of 
M. M. BARASH, W. B. HEGINBOTHAM and P. B. L. OXLEY 


are all lecturers in the Mechanical Engineering Department of Man- 
chester College of Science & Technology, Manchester, England. 
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the electrode wire and of the edges of the components 
to be welded and thus forms a bath of molten metal. 
The rate of upward movement of the slag-metal bath, 
and thus the slagholder plates, depends on the rate 
of melting of the electrode and the base metal. As 
heat is conducted away from the lower layers of the 
bath, solidification occurs, thus forming the welded 
connection. 

By electro-slag welding it is possible to weld parts 
of a thickness up to 2*/, in. using one electrode with a 
stationary vertical axis. If the electrode is recipro- 
cated in a direction normal to the plane of the welded 
parts, welds of 6 to 8 in. in thickness can be obtained 
with a single electrode. By increasing the number 
of electrodes in the slag bath, the method can be ex- 
tended to weld parts together of practically un- 
limited thickness. 











Typical Applications 

Electro-slag welding has been used successfully in 
boiler-making for the production of not only longi- 
tudinal but also annular (circular, ring) welds in 
thick-walled drums and other high-pressure vessels. 

The process has also been employed for the manu- 
facture of large components for heavy machinery. 
This has enabled the introduction of fundamental 
changes into the methods of producing large parts of 
large machines such as: very heavy machine tools, 
large presses, rolling equipment, shafts for hydraulic 
turbines and similar machines. 

Application of the electro-slag welding process has 
enabled the replacement of heavy cast and forged 
parts by welded castings, welded forgings and welded 
rolled fabrications. This has considerably reduced 
the pressure of work on foundries and forging shops 
and promoted increased production without addition 
to the shop-floor space. At the same time, it has re- 
duced the amount of effort spent on making such 
components and shortened the production times. 
In one factory electro-slag welding of frames of 
4000-ton and 6300-ton forging presses, as opposed to Fig. 2-An electro-slag welded frame of a 6000-ton forging 
casting them, has reduced the weight of such frames press which is 20% lighter than one of cast steel and is made 
by 20% and considerably reduced the production in a much shorter time 
time. Welding of flanges to hollow shafts of hy- 
draulic turbines, Fig. 3, and welding plates 11 in. 
thick for large presses has also been carried out at the START OF WELDING 
same factory. anu CP 

The success achieved by the application of the 
electro-slag welding technique has enabled the pro- 
duction of a welded variant of the shafts for tur- 
bines of the new Soviet hydro-electric power stations. 
The hollow shafts are made in this case by bending 
thick plates into tubes. Forged or cast flanges are 
then tack welded to the ends. The longitudinal and 
circular welds are then carried out by the electro- 
slag method (Fig. 4). Technical and economical 
parameters of this procedure are given in Table 1. 
Other Fields 

Carbon steels and some types of alloy steels are 
being welded by the above method. Mechanical 
properties of welds obtained in electro-slag welding 








~ STARTING PLATE 
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Fig. 3—Welding a shaft for a water turbine (annular welding). 
(a) General view. (b) Diagram of ring welding. 1, Mouth- 


“ boiler steel 22K (probably 0.25% C boiler plate piece of the electro-slag automatic welding machine; 2, 
of 3'/, in. thickness, flux Fts-7 and electrode wire Sv flange cast from Steel 30 (0.3% C nom.), OD 79 in.; 3, core 
O8GA are shown in Table 2. The composition of the forged in Steel 30, OD 32 in., wall thickness 77/, in. 





Table 1—Effectiveness of Welding Large Water-Turbine Shafts 


For the finished shaft oy 


Rough machined Finished 
Shaft types, Metal Unmachined Rough Finished machining Coefficient 
Outside diam Name of used, weight, machining, weight, time, Production of material 
wall thickness, in. component tons tons mach. hr tons mach. hr cost, % utilization 
All forged, 60/12.8 Complete shaft 223 124 590 64.0 1250 100 0.29 
Forged tube, 71/5.9, Tube 105 66 480 , 
flanged welded on | Flange 27 19.8 200 43.7 1330 63.7 0.33 
Welded tube, 71/5.9, Tube 75 3 140 age 
flanged welded on __ | Flange 27 19.8 200 43.7 1000 48.2 0.43 
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Table 2—Mechanical Properties of Weld Material When Electro-Slag Welding Steel 22K (Boiler Plate) 
3'/, in. Thick, Flux FTs-7, Electrode Wire Sv. 08GA (Low-Carbon, Manganese) 


Temperature 
of test, 
Condition of weld metal °C 
Untreated 20 
Untreated 320 
Normalized 900-910° C and 20 
tempered 650-670° C 
Normalized 900-910° C and 
tempered 650-670° C 


320 


UTS, 
tons/in.? 
28.5-29.0 
34.6-35.5 
27 .0-29.5 


28.0-32.0 


Yield 

point, Elongation, 
tons/in.? % 
16.5-18.5 22.5-32.6 
17.5-20.0 ves 
14.5-16.5 29.0-34.0 


13.5-15.0 


Reduction 
in area, 


53.0-66.5 


58.0-67.5 


Impact 
strength, 
% ft Ib/in.? 
208-766 


376-779 





Table 3—Mechanical Properties of Weld Material When Electro-Slag Welding Some Alloy Steel (Average Values) 


UTS, 
ton/in.? 
77.0 


Heat treatment 

Hardened at 880° C 
and tempered at 
at 550° C 


Steel type 

30KhGSA 

0.3%C 

1% Cr 

1% Mn 

1% Si 
30Kh2N3MA 

0.3% C 

2% Cr 

3% Ni 

0.5% Mo 
1Kh18N9T 
18/9 stainless + Ti 


Not treated 


Not treated 


Yield 
point, Elongation, 
ton/in.? % 
72.5 10.8 


Reduction 
of area, 


Impact 
strength, 

% ft Ib/in.? 
36.0 279 








Fig.. 4—Design variants of welded 
water-turbine shafts. (a) Forged 
shaft. (b) Shaft welded from a forged 
tube and flanges. (c) Shaft welded 
from half-tubes bent out of plates and 
flanges 


flux is 46-48% SiO., 24-28% MnO, 5% CaF, 16- 
18% MgO and 3% CaO. 

Results of research and experimental work indicate 
the possibility of welding alloy steels by the electro- 
slag method. The mechanical properties of welds 
made on some alloy steels are given in Table 3. 

Unlike arc welding, the electro-slag welding proc- 
ess is stable even at very low current densities (0.64 
amp/in.*? and less) . This opens the way for the ap- 
plication of the process for the welding of intricate 
profiles. The method could also be used for “‘build- 
ing up.”’ An application of the electro-slag method 
for ‘‘building up”’ is shown on Fig. 5. 


, 
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Fig. 5—Electro-slag building up: 
(c) of tapered surface 


(b 
(a) by a flat slider; 


(b) by cylindrical surface 
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Fig. 1—Typical multiple-torch setup used for cutting 
quarter sections of flange rings 


pee ae 


Fig. 2—Removal of steel plate after oxygen cutting 


Oxygen Cuts Made on Rail Installation 184 Ft Long 


BY A. H. YOCH 


The Colorado Fuel and Iron Corp.’s division in 
Claymont, Del., makes steel available to customers 
at various stages—from ingots, plate and prepared 
parts for fabrication, to assemblies and end-products 
fabricated in the Claymont Steel Fabrications 
Department. 

Oxygen cutting plays a central role in this steel 
mill’s operational scope. Mounted on 184 ft of 
continuous rail—one of the longest lines of this type 
in modern industry—a series of four cutting ma- 
chines performs multiple-torch operations on cutting 
tables which accommodate a wide range of steel 


A. H. YOCH is Process Engineer at Air Reduction Sales Co., Philadel 
phia District 


plate sizes and thickness. 

This company, by joining 11 sections of standard 
16-ft steel track, plus an 8-ft section, has integrated 
the oxygen-cutting section of this department into 
a single line. The oxygen cutters travel on two 
rails between the tracing tables and the cutting tables, 
permitting easy positioning and repositioning for 
oxygen-cutting heavy plate sections with a minimum 
of materials handling. 

Typical is the six-torch setup shown in Fig. 1, 
used to cut quarter sections of flange rings (Fig. 2) 
1'/, in. thick—for tank cars. Cutting speed is 9 
ipm for high-quality cuts with an electronic tracer 
guiding the operating bar of the cutting machine. 


Refrigerator and Condenser Frames 


Comparison of a 1958 Westinghouse refrigerator 
with a Westinghouse model of a few years ago shows 
significant changes in internal styling, external 
appearance and functional efficiency. 

One of the most important components affected 
by these changes is the condenser. The former 


Based on a story by Jones & Laughlin Steel Corp., Pittsburgh, Pa 


method of attaching condenser tubing to steel sheet 
has been superceded by a wire frame to which the 
condenser tubing is resistance welded 

For Westinghouse Electric Corp., the change is 
significant because the new-type condenser weighs 
less and performs better than its predecessor. And 
production is speeded by use of the automatic resist- 
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Fig. 1--From these fiber-coated drums, as many as 168 wires are fed into the automatic resistance welder which makes 
refrigerator condenser frames. The man in foreground is spot welding the end of 0.0475-in. diam steel wire in one drum to the 


beginning of a fresh coil. In this way, continuous production is assured 





The feed end of the automatic resistance welding machine shows 0.0475-diam steel wire being drawn into the ma 
In the machine, the wires are welded to copper-coated steel condenser tubing and forma 


Fig, 2 
chine from above and below. 
frame which is attached to the rear of refrigerators 


and below the preformed, continuous copper-coated 


company installed in its 
steel tubing, and cut to length before discharge from 


ance welder which the 
Appliance Division plant at Columbus, Ohio. 

which hold the condenser tubing 
made from a 


The wire lrames the machine. 
to the back of refrigerators—are The two prime requirements of the wire used in 
specially developed specification ‘wire, size 0.0475. 
(s many as 168 strands of this wire are fed into the 
The wires are spot welded above 


manufacture of the frames are weldability and uni- 
formity of temper. Weldability is of paramount 
importance because all intersections of wire and tube 


welder at one time. 
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Fig. 3 Preformed copper condenser tubing is placed on the 
conveyor of the automatic resistance welding machine. 
At right, the upper series of 0.0475-in. diam steel wire is drawn 
into the machine. The upper series is duplicated by wires 
drawn into the welding machine from below 


must be resistance welded, with no weakening o1 
deformation of the fragile tubes at the welds. Uni- 
form temper and proper degree of temper are im- 
portant in maintaining an efficient, trouble-free 
sequence of operations on the automatic machine 
and because of the large number of wires involved. 

The wire, finished to a high degree of cleanliness, 
is packed in fiber board drums, each containing a one- 
pound bag of commercial-grade silica gel for de- 
humidification. In packing the coils, care is taken to 
avoid tangles, breaks and kinks in the contents 

The wire is fed through overhead straighteners and 
a series of pulleys until the total number of wires re- 
quired for a specified condenser frame reach the 
machine. Just before a drum is emptied, a new drum 
is wheeled up and the wire ends are spot welded for 
continuous production (see Fig. 1). 

At the feed end, the resistance welding machine re- 
sembles a giant loom, with wires being drawn in from 
top and bottom (see Figs. 2 and 3). The machine is 
adjustable for wire frames or “mats” of four basic 
lengths—22, 30, 38 and 42 in. The 22-in. mats take 
148 wires. Twenty more wires are added for the larg- 
est, or 42-in. mat, which is used for freezers and large 
refrigerators. Smaller frames—principally for oil 
coolers—are cut in 12- and 8-in. lengths from larger 
mats. 

Four welding heads weld the upper and lower wires 
to two tubes at a time—the conveyor indexing 4 in 
at each stroke (see Fig. 4). To weld the larger mats, 
extra dies are added to make the welding heads 
larger. The heads are operated by air pressure and 
are individually equalized to maintain a uniform 


me 


Fig. 4—This is the delivery end of the automatic resistance 
welding machine. All intersections of the copper-coated 
steel tubing and wire have been welded, with no weakening 
or deformation of tubes at the welds. The refrigerator 
condenser frames are ready to be tested and then moved 
along the line for assembly 





Fig. 5—Condenser frames in place on the rear of 
refrigerators undergo final assembly 


pressure. Gear ratios in the machine are changed 


according to the size of the mat being produced. 

After cutting to length, each condenser is sub- 
jected to a 225-lb dry air pressure test. This test, in 
part, checks the strength of the tubing at the 
welded intersections. 

After testing, condenser frames are assembled to 
rear of refrigerators (see Fig. 5). 

The automatic welding machine has been installed 
at the Columbus plant of Westinghouse Electric Corp. 
for about 18 months. Officials estimate that enough 
0.0475-in. wire has been processed through the ma- 
chine to girdle the earth several times at the equator. 
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Arc and Air Speed 
Track Repair 


Speedy removal of an unwanted half-inch of man- 
ganese steel on railroad crossover members was 
accomplished right on the spot with the use of a 
versatile gouging torch. 

After being installed, crossover members were 
found to be too high for free passage of wheel rims, 
and removal of excess steel was the only remedy. 
The job was done with an air-carbon-arc torch at half 
the cost of grinding, and without discontinuing 
operations, which track removal would have neces- 
sitated (Fig. 1). This torch directs a stream of com- 
pressed air parallel to the electrode. The air blast 
not only quickly removes the molten metal, but cools 
the base metal at the same time. 


Pased on a story by the Arcair Co., Lancaster, Ohio 


Fig. 1—Removal of excess steel from railroad 
crossover member with an air-carbon-arc torch 





semiautomatic Submerged-Arc Welding 


Speeds Fabrication of Large Beams 


BY E. E. GOEHRINGER 


Fig. 1--Splices in these heavy flanges are made with manu- 
ally held semiautomatic submerged-arc welding machine. 
Operator uses runout tabs to permit welding all the way 
to the ends of the joint. Joint is back-gouged to assure 
100% penetration 


The speed and quality of the submerged-are process 
are combined with versatility akin to manual are 
welding in the fabrication of large structural members. 
Semiautomatic welding machines are used both as 
manually held and fixture-mounted submerged-are 
welding machines to increase operator earnings and 
company profits. Here’s how one large fabricator 
does it. 

structural members for buildings and 
bridges are custom made in a variety of sizes. 
with 2- or 3-in. thick flanges and '/.-in. thick webs are 


Large 
Beams 
not unusual. Despite custom dimensions, the 
fabricating procedures are well standardized. To 
make a beam, the first operation is to oxygen cut 
stock to size for the flanges, webs and stiffeners. 
Where stock is too short torun the entire length of the 
beam, splices are made. This splicing operation is 
the first job for the semiautomatic welding machines 

Semiautomatic welding machines used feed a con 
3/somin. Wire electrode from a coil, 


tinuous °/¢- or 


E. E. GOEHRINGER is district engineer at The Lincoln Electr 
Philadelphia, Pa 





Fig. 2—-Two operators simultaneously deposit beads on 
either side of the flange-to-web joint in a large fabricated 
beam. They use a drag technique with the tip of the cone 
resting lightly against both web and flange 


through a 12'/>-ft cable, to a welding cone and into 


the are. Granular flux pouring from the cone 


completely covers and hides the are The cone 1s 
lightweight and can be uséd anywhere within the 
12'/.-ft radius permitted by the cable without mov- 
ing the welding machine, a portable unit. 
Operators manually hold and guide the welding 


cone when splicing flange plates (see Fig. 1). The 


joint is prepared by scarfing a bevel on both sides of 


each plate. The first pass is back-gouged with a 


torch to assure complete penet ration The operator 
100-amp welding current and a travel 
On 2-in. thick 


material, he makes five or six passes on each side. 


uses about 
speed of 12 to 14 ipm for each bead. 


Runout tabs permit welding all the way out to each 
edge of the joint. They are cut off after the joint is 
complete. This welding procedure results in high- 
quality, 100°; 


about twice that possible with hand welding. 


penetration welds made at speeds 


After flanges and web are spliced and ready for 
assembly, they are tack welded in position with E- 
7016 electrodes. 
the flanges and tightly to the web, are tack welded 


Stiffeners, fitting snugly against 
in place. When necessary, hydraulic jacks spread 
the flanges sufficiently to accept the stiffeners. The 
two corners of the stiffeners that fit next to the joints 
between flange and web are cut off so that the flange- 
to-web joints can be continuously welded without 
interruptions at the stiffeners. 

The tack-welded beam is placed upright with the 
bottom flange resting on a crib about three feet from 
the floor. 


by two operators, one on either side of the beam, 


The bottom flange-to-web joint is made 


using manually held welding cones (see Fig. 2). 


. 
: 
o 


Fig. 3—Automatic fixture with two semiautomatic 
welders for welding stiffeners tothe web. It travels 
at welding speed along the boom 


Fig. 4—The mounting assembly on the automatic fixture 
guides on the stiffener and holds the cones so that they 
point directly into the joint. The two cones weld simultan- 
eously, so that fillet welds on both sides of the joint are 
completed in one pass of the mounting assembly 


These operators make 16711) fillet welds for the 


entire length of the beam. Traveling at speeds of 
about fifteen inches per minute, they use a drag tech- 
nique to help them guide the cone The leading 
tip of the cone actually rides tightly in the joint 
against both web and flange. By having two opera- 
tors weld simultaneously on either side of the joint, 
the fabricator reduces distortion \fter the one 
joint is completed, the beam is turned over and the 
process is repeated on the other joint 


With the flange-to-web joints complete, the final 
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Fig. 5—Where larger fillet welds are required on the flange-to- 
web joints, the beam is positioned and the welding cone 
rides a motorized buggy. The operator follows the rig to 
make periodic alignment adjustments to keep the cone 
pointing directly into the joint 


~ie, 


Fig. 6—Operator manually welds with semiautomatic 
welding machine on a large structural knee section 


The 
fabricator has an automatic fixture for making these 
The fixture rides a track parallel 
to the beam and moves easily from one stiffener to the 


operation is welding the stiffeners to the web. 
welds (see Fig. 3). 


next. It carries two 600-amp motor-generator power 


sources and two semiautomatic welding machines. A 


The 


welding cable runs out the boom to a mounting as- 


boom rides up and down a mast on the fixture. 


sembly that holds the two welding cones. The mount- 
ing assembly travels along the boom at welding speeds 

To weld the stiffeners, the operator positions the 
mounting assembly on the top edge of the stiffener, 
so that the cones point into the joint (see Fig. 4) 
He puts flux in the cone, starts the are and the travel 
The 


operation is fully automatic and welds on both sides 


and stops it after the welds are complete. 


of the stiffener are made simultaneously in one 
pass. 

Some beams, with fillet welds larger than 5/j¢ in., 
are positioned in the trough or flat fillet position. 
The welding cone is mounted on a specially rigged 
cutting buggy (see Fig. 5). The 
cradles that position them 45 deg from the horizontal 


beams rest in 
The cutting buggy rides the web with idler wheels on 
the flange. The operator follows the rig and period- 
ically adjusts it to keep the cone pointing into the 


Welding 


speeds are somewhat faster when the speed is con- 


joint. Operation is fully automatic. 
trolled because higher currents can be used. 
Fabricated knees 


matic welding (see Fig. 6). 


are also made with semiauto- 
A typical job has a 3-in 
thick curved inside flange, a 1-in. thick square out- 
The depth at the 
ends where it joins the beams is 82 in. 

To build this knee, the fabricator press formed the 
They beveled the edges 


side flange and a */4-in. thick web. 


3-in. thick curved flange. 
on the web to give added strength in the flange-to- 
web joints. Square-cut edges on the stiffeners fit 
snugly against the web. Operators used low-hydro- 
gen E-7016 manual electrodes to tack weld the parts 
of the knee together. 

Manually held semiautomatic welding machines 


were used on this job. Welds on the beveled joints 


required 3 passes on each side to fill the bevel and 


build up a °/j¢-in. fillet. Operators traveled at 14 to 16 


ipm on the '/,-in. fillet weld joining stiffeners to web 
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society News 


Record Attendance of 15,000 Expected 
at Annual Welding Show 


A possible record attendance of 
15,000 is predicted for the AWS 7th 
Annual Welding Show, to be held 
in Chicago from April 7th through 
the 9th. Previous high was set at 
the Philadelphia exhibit in 1957 
when approximately 11,000 indi- 
viduals toured the welding displays. 
Chicago will be the largest city 
ever to play host for an AWS exhibit. 
This fact, coupled with the city’s 
location as the hub of the midwest, 
should provide ample reasons for an 
overflow attendance. 

Exposition hours will be from 
noon to 10 P.M. on Tuesday, from 
10 A.M. to 10 P.M. on Wednesday, 
and from 10 A.M. to 6 P.M. on 
Thursday. Open to the trade, ad- 
mission will be by registration. 

Square footage of display space 
already sold in Chicago’s Interna- 
tional Amphitheatre places ‘‘the 
Windy City” ahead of Philadelphia 
by close to 10%. Visitors from 
many nations, including a contingent 
from far-off Japan, will add an in- 
ternational flavor to this year’s con- 
vention. 

This year, following the tradi- 
tional chain-cutting ceremony, sym- 
bolic of the show’s opening, an 
exhibitors’ luncheon will be held 
under the sponsorship of the 
AMERICAN WELDING Society. As 
is customary, the cutting of the 
chain will be performed by the 
president-elect of the Society, 
Charles I. MacGuffie. 

The importance of this year’s 
welding convention is also evidenced 
by the quality of technical papers 
submitted for presentation during 
the five-day sessions at the Hotel 
Sherman. The opening session will 
be ‘“‘kicked off’? at 10 o’clock on 
Monday morning, April 6th, with 
an address by President G. O. 


Hoglund and the presentation of 


national awards. This will be fol- 
lowed by the Adams Lecture, to be 
given this year by Clarence E. 
Jackson. His subject will be ‘““The 
Science of Arc Welding.”” Through- 
out the remainder of the week, a 
grand total of 21 technical sessions, 
comprising 63 papers, will be pre- 
sented. Sixteen of these sessions 
will be presented by the AMERICAN 
WELDING Society, two by the Ship 
Structure Committee and three by 
the AIEE Subcommittee on Electric 
Welding. 

The Hotel Sherman will also be the 
site for the customary President’s 
Reception and the annual banquet. 
Other events on the Chicago agenda 
will include a ladies entertainment 
program, two plant tours and an in- 


formal panel discussion. A complete 
rundown of all events will be pub- 
lished in the March and April issues 
of the WELDING JOURNAL. 





Welcome 


e Supporting Companies 
Effective Dec. 1, 1958: 
D.S. Kennedy & Co. 

155 King St. 

Cohasset, Mass. 

L. J. Paddock Co. 

8639 S. Norwalk Blvd. 

Los Nietos, Calif. 

Effective Jan. 1, 1959: 


General Welding Works, Inc. 
P. O. Box 10197 
Houston 18, Tex. 





AWS DIRECTORS-AT-LARGE 


Term Expires 1959 1960 

J. F. Deffenbaugh 
A. E. Pearson 

C. M. Styer 

R. M. Wilson, Jr. 


J. H. Blankenbuehler 
G. E. Linnert 

P. G. Parks 

F. H. Stevenson 


1961 

A. A. Holzbaur 
D. B. Howard 
C. E. Jackson 
J. L. York 


AWS DISTRICT DIRECTORS 


District No. leNew England Sidney Low 


District No. 2*Middle Eastern E. E. Goehringer 


District No. 3eNorth Central H. E. Miller 
District No. 4*Southeast E. C. Miller 
District No. 5+East Central H. E. Schultz 


District No. 7*West Central 


Alcock 
Chouinard 
Singleton 
Pennybacker 
McGinley 
Robinson 


District No. 6«Central 


District No. 8¢Midwest 
District No. 9*Southwest 
District No. 10«Western 
District No. 11+*Northwest 


JN. 
A. F. 
F.G. 
P.V. 
F.V. 
C. B. 


OTHER DIRECTORS 


Junior Past-President J. H. Humberstone 
Junior Past-President J.J. Chyle 


C. P. Sander 


Junior Past-President 
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American Welding Society Joins Fund Drive 
for United Engineering Center 


Plans to build a new headquarters 
in New York City for the principal 
engineering societies of the United 
States are well advanced, with 
more than $7,200,000 of the neces- 
sary $10 million already available 
or pledged. The block-long site 
facing New York’s United Nations 
Plaza—a world center attracting 
thousands of visitors every day 
has been purchased and cleared 
ready for the start of construction. 
The building’s 20-story tower, hous- 
ing more than twenty engineering 
societies and organizations, will 
symbolize engineering’s importance 
and provide very tangible benefits 
in improving operating efficiency 
of the closely related headquarter 
staffs of the groups occupying this 
United Engineering Center. 

The AMERICAN WELDING SOCIETY 
joins the five major societies 
Civils, Mechanicals, Electricals, 
Miners - Metallurgists - Petroleum 
Engineers, Chemicals—and others 
in sponsoring this important project 
and will utilize the excellent facili- 
ties, including the engineering li- 
brary, meeting and conference rooms, 
dining facilities, and centralized 
service and exhibit areas, on exactly 
the same basis and at the same unit 
costs as for the other groups. 

Funds for this project will come 
from three sources. About $2 
million will be available from the 
sale of the present headquarters, 
which was a gift 50 years ago from 
Andrew Carnegie. Industrial 
leaders have accepted the responsi- 
bility of raising $5 million. As of 
January 1, 1959, 77% of this total 
had been pledged. The 200,000 
members of the participating groups 
are asked to support this significant 
undertaking by giving the additional 
$3 million required for its successful 
completion. More than 56% of this 
sum had been pledged prior to the 
close of 1958 by members of the 
five major societies. 

Every engineer and every member 
of the participating societies should 
take a keen interest in the success of 
this Member Gifts Campaign. AWS 
President G. O. Hoglund has or- 
ganized a President’s Committee to 
assist in informing members about 
this project and urging them to 
consider carefully their responsi- 
bility and to give to it their generous 
support. Recognizing the impor- 
tance and urgency of this campaign, 
President Hoglund is serving as 
Chairman of this Committee. 

Pledges may be made payable 
over a three-year period at intervals 
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designated by the donor. Pay- 
ments may be made in cash or 
securities. Contributions are de- 
ductible by the donors in computing 
their taxable net income. Savings 
in income tax payments will usually 
amount to from 20° to as much as 
70% of your gift, depending upon 
the total of your taxable income. 

Subscriptions have been received 
from society members in every 
state, including Alaska, in Hawaii 
and Puerto Rico, and in at least 
twelve foreign countries including 
such far-away areas as Australia, 
the Belgian Congo and the Philip- 
pines. 

Many AWS members are also 
members of other societies which 
are cosponsoring this project. Sub- 
scriptions may be made through 
any of these societies or direct to 
the United Engineering Center and 
each donor may designate which 
society or societies are to be credited 
with his gift, dividing the total in any 
manner he chooses. 

FreED L. PLUMMER 





UNITED ENGINEERING 
CENTER 























This current study of the new 20-story 
United Engineering Center in Manhattan 
will be the national headquarters for AWS. 
Present planning provides for a tower 
occupying 25% of the plot area, the maxi- 
mum permissible under New York City 
ordinances. The basement and first two 
stories of the new building will house 
meeting rooms, space for engineering 
exhibits, the cafeteria and storage space 


New England Holds 
Welding Conference 


The Third Annual New England 
Conference on Welding was held at 
Providence, R. I., on Thursday, 
Oct. 23, 1958. Sponsored by the 
AMERICAN WELDING Society, Dis- 
trict No. 1, the conference attracted 
a large attendance which included 
the president of the Socrety, Gus- 
tav O. Hoglund, and National 
Secretary Fred L. Plummer. 

The conference consisted of a 
three-part program followed by a 
banquet. In the morning an educa- 
tional session was held in which 
three papers were given: ‘“‘Struc- 
tural Welding,’”’ by Thomas Kava- 
nagh, ‘‘Welding of Tanks, Pressure 
Vessels and Piping,” by Fred L. 
Plummer; and “Cost Cutting 
through Welding,” by E. L. Smith. 

During the afternoon, welding 
demonstrations and technical ses- 
sions were held. Modern tech- 
niques for welding stainless steel were 
shown by the Crucible Steel Co. and 
for welding aluminum by the Alu- 
minum Company of America. Mod- 
ern methods for welding piping were 
demonstrated by the Grinnell Co. 
and for welding cast iron by the 
Chapman Valve Co. The _ tech- 
nical sessions included the following 
subjects: “Inspection,” by T. R. 
Hardin; ‘Welding for Nuclear 
Service,” by William Bunn; and 
“Brazing for High-Temperature 
Service,” by George S. Hoppin, III. 

President Hoglund gave the after- 
dinner address and spoke of the tre- 
mendous increase in the use of weld- 
ing during the last few years. 
‘This increase,” he said, “‘can be at- 
tributed in no small measure to 
public confidence in the strength, 
safety and durability of welded 
joints—confidence which has been 
built up by people such as the 
speakers here today.” 

The final talk of the evening was 
given by Roger Clark, General 
Electric Co., who spoke on qualifi- 
cation and training of welders. 


NEMA Group Meets in Chicago 


The Arc Welding Section of the 
National Electrical Manufacturers 
Assn. met at the Blackstone Hotel 
in Chicago on December 4th to dis- 
cuss committee reports and the 
publication of an arc welding book- 
let. Twenty members met under 
the chairmanship of R. T. Brown. 

J. E. Norcross advised that 
military specification MIL E-19322 
had been approved. He also re- 
ported that the Navy had alerted 
his committee, known as the Federal 





CONGRESS PLANS DISCUSSED 


Robert J. Frick (center), chairman of the 
Los Angeles Section’s AWS program com- 
mittee for the 11th Western Metal Con- 
gress on March 16-20, discusses plans 
with Richard C. Hayes (left) and John B. 
Ross (right) 





and Military Specifications Com- 
mittee Covering Arc Welding Elec- 
trodes and Filler Wire, to study a 
problem wherein certain low-hydro- 
gen grade electrodes were losing 
their identity through destruction 
of the color coating when these same 
electrodes were rebaked at the 
various Naval facilities. 

A report by Chairman R. D. 
Thomas, Sr., of the Committee for 
the Development of an Arc Welding 
Booklet was also reviewed. Text 
and photographs were submitted to 
the section and an initial printing 
was authorized. A cover was also 
selected. This booklet will be pub- 
lished for the benefit of colleges, 
universities and other educational 
institutions as further information 
on the background and techniques 
employed in welding. Distribution 
of the booklet is expected early in 
1959. 





Free Information 


Free Literature 


“Yours for 
the Asking” 


Use Reader Information Card 
PAGE 195 





Welding Papers to Be Featured at Eleventh Western Metal Congress 


Attendance at the 11th Western 
Metal Exposition-Congress from the 
16th through the 20th of March in 
Los Angeles’ Pan-Pacific Audi- 
torium is expected to result in 
another fine showing of metals 
personnel, according to ASM offi- 
cials. Last year 73,858 individuals 
passed through the exhibit gates. 

The Ambassador Hotel will be 
the site for week-long technical 
sessions, one segment of which will 
be sponsored by the Los Angeles 
Section of the AMERICAN WELDING 
Society. Other groups cooperating 
with ASM in the presentation of 
technical programs will be the 
Society for Nondestructive Testing 
and the Metals Branch—Southern 
California Section of the American 
Institute of Mining, Metallurgical 
and Petroleum Engineers. 

According to Robert J. Frick, 
chairman of program formulation 
for AWS, welding sessions will 
open with a “kick-off” luncheon on 
March 16th. Technical sessions 
will start that afternoon and will 
continue mornings and afternoons 
for the next three days. Other 
members of the AWS program com- 
mittee are John B. Ross and 
Richard C. Hayes. 

Among the individuals scheduled 
to present papers at this conference 
will be: William Sponheimer, proj- 
ect engineer welding, and P. C. 
Simmons, project engineer metal- 


lurgist, Hughes Aircraft Co., 
Tucson, Ariz., “Problem Areas in 
the Inert-Gas-Shielded Welding of 
a Highly Stressed Pressure Vessel’’; 
Harold Smallen, senior engineer, 
Northrup Aircraft, Inc., Hawthorne, 
Calif., ““Evaluation of 17-4PH and 
PH 15-7 Mo Precipitation Harden- 
ing Steel Weldments’’; William P. 
Kraus, missile division, North Amer- 
ican Aviation, Inc., Los Angeles, 
‘“‘Postweld Heat Treatment of 
Titanium Spot Welds’’; Russ Mere- 
dith, materials and process engineer, 
also from North American’s missile 
division, ‘‘Fusion Welding of Pre- 
cipitation Hardening Steels’; C. B. 
Smith, assistant chief materials and 
process engineer, and P. W. Hookey, 
welding engineer, Douglas Aircraft 
Co., Long Beach, Calif., ‘‘Welding 
Applications on Thor Ground Sup- 
port Equipment’’; George Connor, 
welding engineer, chemical proc- 
esses, General Electric Co., ‘‘Gas- 
Shielded Tungsten-Arc Cutting’’; 
W. A. Soward, quality control 
supervisor, Autonetics Division, 
North American Aviation, Inc., 
Los Angeles, “‘Quality Control of 
Spot Welding Shear Strength’; 
J. E. Hurzeler, welding group leader, 
also from North American, ‘‘Experi- 
mental Design in Welding’; and 
Lyle C. Curran, director, quality 
control for USAF at North Ameri- 
can, “Fusion Welder, Continuous 
Recertification.” 





EXHIBIT HOME FOR THE 11TH WESTERN METAL EXPOSITION 
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Displays of metallurgical technique and equipment will be housed in the Pan-Pacific 
Auditorium in Los Angeles for the 11th Western Metal Exposition to be held March 16-20. 
This annual venture will be sponsored by the American Society for Metals with the AWS 
Los Angeles Section as one of the cooperating societies 
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KEEPING YOU POSTED 


@ Past President A. G. Oehler who 
directed Society activities during its 
1925-26 year and is our second 
oldest living President (J. H. 
Deppeler served during the 1920-21 
term), visited headquarters during 
November. He retired from full 
time duties early in 1958, but soon 
resumed activities on a part-time 
consu!ting basis and insists he is 
happier and busier than ever. On 
December 9th he attended the meet- 
ing of the New York Section. 


@ Other visitors at headquarters 
during late November included: 
Harry Schwartzbart, who is largely 
responsible for planning the annual 
two-day Midwest Welding Confer- 
ence jointly sponsored by Armour 
Research Institute and our Chicago 
Section (January 28-29, 1959); 
President Hoglund, who made a 
special trip to New York to devote a 
full day to discussions of SocrETY 
projects with your Secretary; G. E. 
Claussen, Chairman of our Na- 
tional Awards Committee and writer 
of the JoURNAL feature ‘‘World- 
Wide Welding News” who confirmed 
that on December Ist he would be- 
come Director of Research and En- 
gineering for Arcrods at Sparrows 
Point, Md.; Chairman Sidney Wade 
of the Manufacturers Committee, 
who has appointed a group with N.S. 
Strandwitz as chairman, to con- 
sider the establishment of an op- 
erating exhibit representing the 
welding industry at the Chicago 
Museum of Science; and Publicity 
Chairman Al Scherer who discussed 
promotion for National Welded Prod- 
ucts Month which will be featured 
next April, and to finalize agenda 
items for the meeting of his com- 
mittee held at the Pittsburgh airport 
on December 2nd. 


@ On November 26th Journal Editor 
Rossi and your Secretary met with 
Treasurer Harry Rockefeller to dis- 
cuss plans for more effectively pro- 
moting contacts with potential 
JOURNAL advertisers in areas which 
cannot be properly serviced direct 
from Society headquarters. 

e Later this same day Staff Member 
Phillips and your Secretary were 
guests of President Rene Wasser- 
man, enjoying a trip through the 
Eutectic plant following a luncheon 
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conference with several of his asso- 
ciates. 

e@ During November Technical Sec- 
retary Fenton attended committee 
meetings during three days each in 
Philadelphia and Detroit, and two 
days in Pittsburgh in addition to the 
usual large number held in New 
York. There are now ninety-two 
technical committees serving you 
and your companies. The TAC 
Executive Committee met in New 
York on December 10th. 


@ The ASME held its annual meet- 
ing in New York during the first 
week of December. The program 
included many papers presented by 
members of AWS. 


e@ Assistant Secretary and Conven- 
tion Manager Frank Mooney at- 
tended meetings of the National 
Association of Exhibit Managers 
held at the Shoreham Hotel in 
Washington December 4th and 5th. 


e Your Secretary flew to Toronto 
December Ist and was met at the 
airport by A. V. Phillips of Sparling 
Tank and George Fischer, Chair- 
man of the Toronto Chapter of 
CWS and associate of Canadian 
Welding Bureau Manager Ron 
Gooderham. Mr. Gooderham was 
at home following several weeks in 
a hospital recuperating from injuries 
suffered in an accident a month 
earlier. His recovery is reported as 
encouraging but very slow. The 
late afternoon was devoted to a 
conference with Canadian Welding 
Society President A. E. Ellis, Vice- 
President R. J. Gillespie and Secre- 
tary W. T. Cherry concerning plans 
for wider cooperation and closer 
coordination in CWS and AWS 
activities. Later, your Secretary 
and J. F. Lincoln were guests and 
speakers at a dinner meeting of the 
CWS Toronto Chapter of which Len 
Shacklock is Program Chairman. 
CWS President Ellis also spoke dur- 
ing the discussion period. 

@ On December 3rd and 4th Mr. 
Lincoln and your Secretary met 
with AWS Susquehanna Valley and 
Baltimore Sections. Director Don 
Howard met your Secretary at 
Scranton after another flight had 
been cancelled. A stop during the 
drive to Berwick provided a welcome 
opportunity to visit Harry Swepston, 


by Fred L. Plummer 


President of Commercial Gas Corp. 
at Wilkes-Barre, and his son H. 
Swepston, Jr. and their associate 
Andrew Furman. Works Manager 
G. L. Holt and Welding Supervisor 
Jim Cameron were hosts at the 
A.C.F. plant where an inspection of 
production lines for 85-ft long 
welded railroad cars for “piggy 
back”’ service and the new shell 
plant were most interesting. In 
spite of snow and slippery roads, the 
social period, dinner and meeting at 
the Berwick Country Club were 
highly successful with Section 
Officers Cameron, Furman and 
Holten in charge and Directors 
Howard and Goehringer speaking 
as well as your Secretary and Mr. 
Lincoln. 

e@ The following day Director Goeh- 
ringer provided transportation to 
Philadelphia and its Pennsylvania 
Station for a train ride to Baltimore, 
where a large group of AWS mem- 
bers gathered at the Engineering 
Club to join Maryland Section 
Chairman James H. Burnley and 
his fellow officers Basel, Benson and 
Miles in a very successful dinner 
meeting, with your Secretary speak- 
ing about Society activities and 
Mr. Lincoln giving the main tech- 
nical talk. Past President Charlie 
Jennings, Washington Section Chair- 
man M. F. Godfrey, Engineer 
Saxe, G. Claussen, T. Griffin, the 
MacPhersons and many other ac- 
tive AWS members attended this 
meeting. The following morning 
fog resulted in a futile trip to the 
airport, a cancelled flight and a 
train ride back to New York. 

e@ Mr. Lincoln and your Secretary 
completed a series of five engage- 
ments by meeting with the Boston 
and Providence Sections on Decem- 
ber 8th and 10th. Chairman 
Walter Ovaska presided at the meet- 
ing in Boston and was assisted by 
Vice-Chairman Harry Udin who 
introduced Mr. Lincoln. Officers 
Corcoran, Ritter and Rosenberg also 
helped conduct this well attended 
dinner served by a special caterer. 
E. E. Brunnckow planned the Provi- 
dence Section Meeting which Chair- 
man H. Thielsch conducted in his 
usual effective and informative man- 
ner, with officers Al Hall, Paul Mc- 
Gonigle, Al Olson, Carl Remmler, 








Jim Solomon and Avery Seaman also 
seated at the speakers table. 


@ December 9th was a special day 
for the New York Section and its 
Sustaining Members and Supporting 
Companies. Officers Metterhauser, 
Landis, Bellware, Cahill and their 
associates had organized a program 
devoted to ‘““‘What the Future Holds 
for Welding’, with President Hog- 
lund discussing current and future 
applications of the newer high- 
strength aluminum alloys; Ameri- 
can Bureau of Shipping President 
Dave Brown disclosing intriguing 
possibilities in the development of 
underwater vessels that lift out of 
water improving effective use of 
power ratios; Past President Joe 
Humberstone presenting fantastic 
developments in new welding proc- 
esses such as “high frequency resist- 
ance,” “ultrasonic,” “‘plasma jet” 
and “electron beam’’; and finally 
your Secretary outlining the inti- 
mate relationship between the future 
of the AMERICAN WELDING SOCIETY 
and the welding industry, and sug- 
gesting the possible nature of some 
of your needed Society activities. 
Past President A. G. Oehler, Treas- 
urer H. E. Rockefeller, First Vice- 
President C. I. MacGuffie and a 
distinguished group of AWS mem- 
bers attended this meeting. 


@ Past President J. J. Chyle, WRC 
Director W. Spraragen and your 
Secretary met in Washington on 
December 12th with Frank Davis, 
Chairman of the AEC welding 
group, to discuss activities of the 
newly organized AWS-AEC ad- 
visory group of which Mr. Chyle is 
chairman. 


@ Past President Lee Delhi visited 
New York on December 15th and 
reported to your Secretary that he is 
now Vice President and General 
Manager of Uba Consolidated In- 
dustries, Ltd. with which Southwest 
Welding and a number of other in- 
dustries have recently been merged, 
forming one of the largest metal 
fabricating companies on the west 
coast. 


@ Chairman C. I. MacGuffie pre- 


sided at an all day meeting of the 
Technical Council of the Board of 
Directors held in your Secretary’s 
office December 16th. In addition 
to the chairman, staff members and 
guest C. E. Jackson, Second Vice- 
President R. D. Thomas, Jr., Direc- 
tors A. E. Pearson and R. M. 
Wilson, Jr. participated in the 
spirited discussions. 

e The following day was filled 


by successive conferences with the 
Society attorney, Exposition Man- 
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The Who’s Who in Welding* read 
the Wexpinc JournaL. The 
Journal is required reading for 
more than 50,000 potential buyers 

key men in their respective 
fields . . . representing the largest 
concentration of purchasing power 


in the metal fabricating world. 


* These are the people who buy and 


influence buying of welded products. 





ager Kenworthy, Treasurer H. E. 
Rockefeller, United Engineering 
Center Coordinator Davies, and 
staff members Rossi, Fenton and 
Phillips. 


@ On page 142 of this issue you will 
find a statement about the new en- 
gineering center to be built in New 


York and occupied by your head- 
quarters and those of about twenty 
other major engineering societies. 
You have already or may soon be 
given an opportunity to participate 
in this important project. I hope 
you will generously support it. 


FRED L. PLUMMER 








| wish to be affiliated with the 
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TECHNICAL PROGRESS 





New Measures to Prevent Fires 
from Welding and Cutting 


In Pittsburgh, the National Fire 
Protection Association convened the 
organization meeting of their Com- 
mittee on Cutting and Welding. 
This committee was formed after 
representatives of the AWS Tech- 
nical Department, [AA and API 
had journeyed to the NFPA home 
office in Boston and convinced them 
of the need for such a group. This 
meeting reaffirmed the Socirety’s 
position that the way to prevent 
welding and cutting fires is by educa- 
tion rather than legislation. The 
first educational piece, directed at 
welders and oxygen cutters, was 
outlined and discussed. Widespread 
distribution of this pamphlet will 
take place shortly. 


Metallizing Committee Discusses 
Corrosion Tests 


The AWS Committee on Metalliz- 
ing met in Detroit to study four 
reports on various aspects of metal- 
lizing. Three of these were com- 
pleted at the meeting and will be 
issued as AWS technical publica- 
tions. Of particular interest was 
one dealing with corrosion tests on 
metallized coatings. The com- 
mittee is conducting a 12-yr expo- 
sure program covering the corrosion 
protection of low-carbon steel by 
metallizing with zinc and aluminum. 
The report approved for publication 
contains the results of the first 
three years of exposure. 


Specification Revisions Planned 
for Bridge Construction 


Back in New York, the AWS 
Conference Committee on Welded 
Bridges met to consider revisions to 
the present bridge specification. 
Among the many suggestions, par- 
ticular attention was given to the 
inclusion of requirements for the 
welding of high-tensile low-alloy 
steel. Also discussed in detail were 
numercus changes in wording to 
clarify the intent of the design 
section of the specification. 


7500 Inquiries 
Processed During 1958 


The number of inquiries handled 
by the Technical Department in 
1958 continued at its usual volume, 
reaching a total of 7500 by the end of 
December. Information was _ re- 
quested on the entire gamut of 
welding problems from such ele- 
mentary questions as ‘What’s 
an iron-powder electrode?”’ to the 
checking of welded designs on blue- 
prints. 


516 Committee Workers Participate 


Also during 1958, a record total 
of 71 days was spent in discussion 
by the 516 members of the 92 
AWS committees and subcom- 
mittees. The results of these meet- 
ings are best illustrated by the 
number of publications, currently 
40, in preparation. These publica- 
tions assume various sizes and 


AWS COMMITTEE ON METALLIZING VISITS DIX ENGINEERING 


forms, from the small specification 
on Nondestructive Testing Symbols 
to the full-length book, the forth- 
coming Soldering Manual. 

Much work is involved before a 
publication can be released to the 
trade. For each meeting, the tech- 
nical staff prepares an agenda, 
minutes and a draft of the publica- 
tion under discussion. 

Recently, the Technical Depart- 
ment issued a compilation of all its 
committees and their personnel. 


Nuclear Developments Examined 
by Piping and Tubing Committee 


The AWS Committee on Piping 
and Tubing met in Philadelphia 
recently to consider seven reports 
under preparation on various piping 
materials and systems. Work was 
completed on the first national 
publication dealing with the welding 
of nuclear power piping, while 
recommended practices for welding 
aluminum piping and titanium pip- 
ing are also nearing completion. 

Part of the last day of the meeting 
was spent in a tour of the Eddy- 
stone Plant which is being con- 
structed for the Philadelphia Elec- 
tric Co. This generating station is 
designed for the highest pressure 
(5000 psi) and temperature (1200°F 
combination of any existing installa- 
tion. Extensive use is being made 
of Type 316 stainless steel for piping, 
with a wall thickness of 3 in. The 
pipe joints are being welded manu- 
ally with each joint containing 60 
to 90 passes. It takes seven work- 
ing days to complete each joint. 





At the November 13th meeting of the AWS Committee on Metallizing in Detroit, committee members, some accompanied by their 
wives, toured the plant of the Dix Engineering Co. where they not only examined metallizing applications but other welding oper- 
ations as well 
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Technical Education 


The new National Defense Educa- 
tion Act offers tremendous possibili- 
ties to the welding industry. 
Howard Hogan, from the U.S. De- 
partment of Health, Education, and 
Welfare called at AWS headquarters 
recently and pointed out how the 
Society could make use of govern- 
ment grants for welding education. 

Section 8 of the act provides $15 
million a year for the next five 
years for the specific purpose of 
training technicians. This term 
technician may puzzle a lot of people. 
It is a relatively new classification 
in the U. S. although it has been 
recognized in Europe for many 
years. Since the word technician 
means different things to different 
industries, rather than attempt to 
define the word it is perhaps better 
to indicate the nature of a techni- 
cian’s duties. Broadly speaking, a 
technician should be able to turn 
the notes and drawings of scientists 
and engineers into workable prod- 
ucts and processes. 

The welding industry is only one 
of the many industries involved. 
Electronic technicians are needed, 
laboratory assistants, chemical aides 
and a host of other technically 
trained men who can become a 
strong second line of specialists to 
assist the scientists and engineers. 

It is obvious that the need is 
urgent. It is estimated that every 
engineer needs five technicians be- 
hind him if he is to work at 
maximum efficiency. In our pres- 
ent industrial setup the engineer 
is having to spread 
extremely thin and is having to act 
as his own technician. 

The National Defense Education 
Act is designed to remedy this 
condition. 


How the Act Affects the AWS 


This act has to be administered 
on a state level. This immediately 
places it within the jurisdiction of 
local sections, rather than AWS 
headquarters. There are good rea- 
sons for this approach. The job 
opportunities and the types of in- 
dustry in the area involved are of 
the utmost importance. Industry 
alone can specify the technical man- 
power it needs. Once the need has 
been determined, it is comparatively 


himself 


ACTIVITIES 


simple to devise a program which 
will give the technical training 
required. 


How AWS Sections Can Cooperate 


Interested sections can cooperate 
by inviting the inspector of voca- 
tional training in their respective 
districts to their monthly meeting to 
explain the act. The inspector will 
point out the various steps to take 
to get the program started in the 
area in question. Instructors are 
to be drawn from industry, and 
salaries and expenses will be paid 
for out of federal funds. Instruc- 


tional equipment, supplies and 
teaching aids will be paid for 
similarly. 


Full cooperation with local edu- 
cational authorities will mean that 
training facilities can be set up 
where they are needed. Such train- 
ing could have a tremendous effect 
upon our industry and future sup- 
plies of welding technicians. 


Information Center 


As previously announced, an In- 
formation Center has been set up at 
headquarters. The main objective 
is to promote welding, to publicize 
our welding achievements and to 
make people aware of the scope and 
advantages of welding. 


National Welded Products Month 


April has been designated as 
National Welded Products Month 
and every effort is being made to get 
more publicity for the welding in- 
dustry this year than ever before. 

Here are some of the promotions: 
AWS stationery carries ‘April is 
National Welded Products Month”’ 
at the foot of each page. All invita- 
tions to the Welding Show carry the 


same message. An_ attendance 
analysis now being distributed car- 
ries the insignia. This month’s 


WELDING JOURNAL has dedicated 
its editorial to the over-all activity; 
also, it features the insignia on the 
cover. 

These are a few of the items 
scheduled. Sections are provided 
with a kit of suggestions indicating 
how local publicity may be obtained. 
Many are arranging for the governor 
of the state and the mayors of cities 
to issue proclamations supporting 
April as National Welded Products 
Month. Some sections are arrang- 





ing with local manufacturers to pro- 
mote plant tours and open houses 
during the month. Speakers are 
being provided for luncheon clubs, 
fraternal organizations and the like. 

Opportunities to publicize 
N.W.P.M. will vary with each area, 
but here are a few of the possibili- 


ties: Ask advertisers to mention 
N.W.P.M. in their newspaper, 
magazine, radio and T.V. ads; 


obtain writeups in company house 
organs; obtain cooperation from 
distributors and dealers, the Cham- 
ber of Commerce and other civic 
organizations. With the support of 
city officials, the dedication of new 
facilities can be scheduled for 
N.W.P.M. 

Further information, advice or 
assistance concerning National 
Welded Products Month may be ob- 
tained by contacting Information 
Center at AWS headquarters. 


This Training 
makes the difference 
in PROFITS... 

in JOB SECURITY 


Welding Supervisors 


Drafting Office Men 


The only 
HOME STUDY 
course prepared 
and administered Engineers 

for Ambitious Operators 





packed with Weld- 


g know-how (in 4 gold embossed leatherette 


“Welding Fundamental Principles and Practices”’ 
provides MANAGEMENT with a proven method of 
training personnel to specify, supervise and inspect 
welding. MEN-—-you take this training in your 
own home at hours you, yourself, set. On success- 
ful completion you are awarded a handsome en- 
grossed certificate. 


Write fo ore informatior 


National Technical 
Training Services 


SED BY ATE OF NEW YORK 


260 Delaware Avenue, Buffalo 2, New York 


For details, circle No. 17 on Reader information Card 
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SECTION NEWS AND EVENTS 


As Reported to Catherine M. O'Leary 


yNabdelile 


STEEL-PLANT TOUR 


Phoenix.—-The second regular 
meeting of the 1958-59 season of 
the Arizona Section was held at the 
Allison Steel Manufacturing Co. 
A buffet supper was served at 7:30 
P.M. followed by a very interesting 
tour of their entire plant. There 
were 62 people present. Allison had 
all their departments heads on hand 
to explain different operations as the 
plant was toured. 


NEW WELDING PROCESSES 


Phoenix..-The third regular 
meeting of the Arizona Section for 
the 1958-59 season was held at the 
Hi-Way House in the Williamsburg 
Room on November 19th. 

Bob Brennich of Linde Co., Los 
Angeles, Cal., gave a short talk on 
the new welding processes in use to- 
day. Two very interesting color 
movies were shown on the new auto- 
matic and semiautomatic processes 
now being employed in different 
large plants. 

There were 34 members and 19 
guests present at the meeting. 


STUDENTS’ NIGHT 


Los Angeles.—-The Los Angeles 
Section held its Annual Students’ 
Night and Welding Show on Thurs- 
day, November 20th at the Rodger 
Young Auditorium in Los Angeles 
with approximately 300 in attend- 
ance. The Show, which is held to 
encourage the art of welding in the 
hearts and minds of student mem- 
bers, was under the directorship of 
Chas. Zwissler of Kaiser Steel, who 
is Chairman of Student Activities, 
Los Angeles Section, and John Ross 
of Engelhard Industries, Section 
Chairman. The Section has a 
rather large student membership, 
many of them coming from Cal. 
Poly. and Santa Monica Tech. 
The Section hopes that, through 
proper support and encouragement, 
they will go far in the welding field. 

There were many fabricators and 
welding suppliers who participated 
as exhibitors. They were kept 
busy answering numerous questions 
put to them by the students. All 
exhibitors put forth an exceptional 
effort in an informative manner to 
convey the importance of welding as 
an art. 


Entertainment was furnished by 
the Glendora Elks Chanters during 
the show and concluded with a 
color picture of the firing of the 
ICBM Atlas. 


STAG AND DINNER PARTY 


Los Angeles._-The Los Angeles 
Section held its annual Xmas Stag 
and Dinner Party on December 5th 
at the Rodger Young Auditorium, 
with approximately 230 members 
and guests in attendance. All 
thoughts of technicalities were dis- 
pensed with, as friends and guests 
gathered for a night of fun and 
festivities. 

The program, as usual, was ar- 
ranged by Francis V. McGinley, 
10th District Director. ‘“‘Mac,” as 
he is known to the many members 
of the Los Angeles Section, obtained 
his entertainers from the Walter 
Trask Agency. It featured such 
stars as Sylvia Haines, accordionist, 
who entertained during the cocktail 
and dinner hour; Duke Art, comedy 
with clay; Bob Karl and Co., 
ventriloquist; Rita Rhem, who did 
some mighty fine novelty dancing; 
Lee Keener, “Alias Mr. Music,” a 
one-man band; and Vince Rossi, 
pianist. Master of ceremonies was 
Lenny Gale. 





STUDENTS’ NIGHT HELD BY LOS ANGELES SECTION 


AMERICAN 
WELDING SOCIETY 


Directly behind banner, in center, are Jim O'Neal, director of 
Santa Monica Technical Trade School, and John Ross, Los 
Angeles Section Chnirman, at the Students’ Night held on 
Student members from same school are 


November 20th. 
shown with them 
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and E. Kent. 


Student members representing California State Poly are, back 
row, left to right: J. S. Miller, J. Magarian, W. Hays, R. Olmstead 
In front row, same order are: R. Bongio, W. Clites. 
G. Dudley, P. Lewis, W. Walker and T. Legraud 








SECTION MEESING CALENDAR 


FEBRUARY 12 

IOWA-ILLINOIS Section. “Resistance Weld- 
ing,” J. W. Kehoe, Westinghouse Corp. 

KANSAS CITY Section. World War || Memorial 
Building, Paseo Ballroom, Kansas City, Mo. Social 
Hour 5:30. Dinner 6:30. “Pressure-Vessel Fab- 
rication for Nuclear Service,"’ W. R. Apblett, Foster 
Wheeler Corp. 

MADISON Section. Eagles Club, Madison, Wis. 
“Silver Brazing,” Richard Ort, Handy & Harman. 

MOHAWK VALLEY Section. Koehler’s Grill, 
Utica, N. Y. 8:00 P.M. “History and Develop- 
ment of Arc-Welding Electrodes,” J. Kobler, U. S. 
Naval Gun Factory. 

NASHVILLE Section. ‘‘Automation in Resist- 
ance Welding,” Dave Vihlein, Banner Welder, Inc. 

PUGET SOUND Section. Field trip through 
the Tacoma Vocational School. 


FEBRUARY 14 


SAGINAW VALLEY Section. High Life Inn, 
Saginaw, Mich. Ladies’ Night Dinner Dance. 


FEBRUARY 16 

PHILADELPHIA Section. Engineers Club. ‘100 
Years of Welding,” H. Schwartzbart, Armour 
Research Foundation. 


FEBRUARY 17 

HOLSTON VALLEY Section. Bristol, Tenn. 
Virginia. “Product Design for Welding,” John 
Mikulak, Worthington Corp. 

NEW JERSEY Section. Essex House, Newark, 
N. J. Dinner 6:30. Meeting 8:00. “Welding High 
Strength Steels,” R. D. Thomas, Jr., Arcos Corp. 

NORTHWESTERN PENNSYLVANIA _ Section. 
“Modern Advances in Ship Welding,” J. J. Dawson, 
Ingalls Shipbuilding Corp. 

OLEAN-BRADFORD Section. The Castle, Olean, 
N. Y. Dinner 6:30. Meeting 8:00. “Jobs You 
Can Do with Bronze,” Emery Garriott, Ampco 
Metal, Inc. 

TOLEDO Section. ‘“‘Large-Weldments Fabri 
cation.”’ 

YORK-CENTRAL PENNSYLVANIA Section. ‘100 
Years of Welding,” H. Schwartzbart, Armour 
Research Foundation. 


FEBRUARY 18 

PITTSBURGH Section. Auditorium, Mellon In 
stitute. “‘Submerged-Arc Welding,” C. W. Lytton, 
Lincoln Electric Co., and L. A. Colarossi, Pittsburgh 
Des Moines Steel Co. 


FEBRUARY 19 

IOWA Section. ‘“‘Arc-Welding Machine,"’ Warren 
Sykes, Miller Electric Mfg. Co., Inc. 

MAHONING VALLEY SECTION. El Rio Res 
taurant, Warren, Ohio. Dinner 7:00. Meeting 
8:00. “Resistance-Welding Electrodes and Elec- 
trode Materials,” E. F. Holt, P. R. Mallory & Co 


FEBRUARY 20 

CHICAGO Section. Milner's Restaurant, Social 
Hour 5:45; Dinner. Peoples Gas Auditorium, 
Meeting 7:30. ‘Plant Management—Safety and 
Welding Cost Analysis,’ Joseph Kennedy, The 
R. C. Mahon Co. 

FOX VALLEY Section. Appleton Elks Club, 
Appleton, Wis. 7:45 P.M. Panel Discussion. 
“Aluminum Welding Processes.” 


Editor’s Note 


MARYLAND Section. Engineers Club, Balti- 
more. “Fundamentals of Arc Welding,” C. E. 
Jackson, Linde Co. 

MILWAUKEE — Section. Ambassador Hotel. 
“Problems and Solutions of Stainless-Steel Weld- 
ing,” A. L. Schaeffler, Allis-Chalmers Mfg. Co. 


FEBRUARY 24 

CINCINNATI Section. “Welding, Cutting and 
General Fabrication of Aluminum,” Dana V. 
Wilcox, Reynolds Metals Co. 

LOUISVILLE Section. “Stainless Fabrication,” 
Geo. Linnert, Armco. 


FEBRUARY 26 

NIAGARA FRONTIER Section. The Cypress 
Inn, Buffalo, N. Y. Dinner 6:30. Meeting 8:00. 
“Why Welds Fail,”’ Helmut Thielsch, Grinnell Co. 


FEBRUARY 27 

INDIANA Section. Indianapolis, Ind. Dinner 
meeting 6:30 P.M. “Arc-Welding Design,” Omer 
Blodgett, The Lincoln Electric Co. 


MARCH 2 

LEHIGH VALLEY Section. Walp’s Restaurant, 
Allentown, Pa. Dinner 6:30. Meeting 8:00. 
Joint Meeting with ASCE. 


MARCH 5 

NORTHERN NEW YORK Section. Hot Shoppe’s 
Restaurant, Route 9, North of Albany. 7:00 P.M. 
“Arc Welding High-Strength Low-Alloy Steels,”’ 
C. E. Hartbower, Watertown Arsenal. 


MARCH 6 
NORTH CENTRAL OHIO Section. Shelby 
Plant Tour, Ohio Seamless Tube Co. 


MARCH 9 
NORTHWEST Section. Minneapolis, Minn. 
“Steel in Welding,”” Norman Qualey 


MARCH 10 

DAYTON Section. Kuntz Cafe, Dayton, Ohio. 
Social 6:30. Dinner7:00. Meeting8:00. ‘“‘Ultra- 
sonic Welding,”’ R. Wirt, Delco Remy Div., GMC. 

NEW YORK Section. Victor's Restaurant, N.Y.C. 
“All's Well That Ends Welded,” A. K. Pandjiris, 
Pandjiris Weldment Co. 

WESTERN MASSACHUSETTS Section. Trase’s 
Restaurant, Springfield, Mass. Dinner 6:30. 
Coffee Film: ‘‘The History of the America’s Cup.” 
“Tungsten-Arc Cutting,” J. S. Douglas, Linde Co. 


MARCH 11 

CLEVELAND Section. Cleveland, Ohio. ‘‘Auto 
matic Welding.” 

STARK CENTRAL Section. Canton, Ohio. ‘Hard 
Surfacing,” R. P. Culbertson, Haynes Stellite Co. 


MARCH 12 

BATON ROUGE Section. Dinner meeting 7:00 
P.M. National President's Night. Visit by Presi 
dent G. 0. Hoglund and National Secretary F. L. 
Plummer. 

IOWA-ILLINOIS Section. Welding-Panel Dis- 
cussion. Moderator: J. K. McDowell. Resistance 
Welding: V. Dodge, John Deere Harvester Works; 
Welding Metallurgy: W. K. (Mike) Hunt, John 
Deere Harvester Works; Arc Welding: J. Carnaghi, 
International Harvester. 


Notices for May 1959 meetings must reach Journal office prior to February 20, so that they may be published in April Calendar. 


formation concerning time, place, topic and speaker for each meeting. 


KANSAS CITY Section. World War || Memorial 
Bidg., Paseo Ballroom, Kansas City, Mo. Social 
Hour 5:30. Dinner 6:30. “Limitation of Proc- 
esses,” John Mikulak, Worthington Corp. 

MOHAWK VALLEY Section. Koehler’s Grill, 
Utica, N. Y. Meeting 8:00 P.M. “Structural 
Welding,” Carl Kreidler, Lehigh Structural Steel. 

NASHVILLE Section. Nashville, Tenn. ‘“Weld- 
ing Society Affairs,” President G. 0. Hoglund; 
“Pressure Vessels,” National Secretary F. L. 
Plummer. 

SAGINAW VALLEY Section. Joint meeting with 
ASM. “Welding of Nickel and High-Nickel 
Alloys,” K. Spicer, International Nickel Co. 


MARCH 13 


NORTH TEXAS Section. Western Hills Inn. 
Dinner meeting 6:30. Honored guests—President 
G. 0. Hoglund and National Secretary F. L. Plum- 
mer. 


MARCH 16 

PHILADELPHIA Section. Engineers Club 
“Every Day Problems in the Fabrication of Struc- 
tural Steels,” G. H. Hinkle, Lincoln Electric Co. 


MARCH 17 

HOLSTON VALLEY Section. Kingsport, Tenn. 
“The Stud-Welding Story,” R. D. McCahan, Nelson 
Stud Welding Co. 

NEW JERSEY Section. Essex House, Newark, 
N. J. Dinner 6:30. Meeting 8:00. Panel meet- 
ing. “Cost Reduction.” 

NEW ORLEANS | Section 
Selection for Welding,” | 
Mathieson Chemical Corp 

TOLEDO Section. “Welding of Vinyl-Coated 
Steels.” 


MARCH 18 

PITTSBURGH Section. Auditorium, Mellon In- 
stitute. ‘‘Inert-Gas Welding,” L. W. Kunkler, 
Air Reduction Sales Co., and Robert E. Lawther, 
Westinghouse Electric Corp 


MARCH 19 


IOWA SECTION. Plant Tour—John Deere Des 
Moines Works, Des Moines, lowa. 

MAHONING VALLEY Section. El Rio Restau- 
rant, Warren, Ohio. Dinner 7:00. Meeting 8:00. 
“Aluminum Welding, Past, Present and Future,”’ 
|. A. MacArthur, Olin Mathieson Chemical Corp. 

NIAGARA FRONTIER Section. The Cypress Inn, 
Buffalo, N. Y. Dinner 6:45. Meeting 8:15. 
“Hard-Surfacing Procedures,” Harold Watson, 
Hard Face & Machine Co 


MARCH 20 

CHICAGO Section. Milner's Restaurant, Chi- 
cago, Ill. Social Hour 5:45. Peoples Gas Audi- 
torium. Meeting 7:30. “Workmanship Standards 
for Quality Welding,” Howard B. Cary, Marion 
Power Shovel Co 

MILWAUKEE Section. Ambassador Hotel. 
“Prevention and Control of Distortion,” J. R. Stitt, 
R. C. Mahon Co 


MARCH 24 
LOUISVILLE Section 
cation for Nuclear Service 
Wheeler Corp 
OLEAN-BRADFORD Section. The Castle, Olean, 
N. Y. Dinner 6:30. Meeting 8:00. “Welding of 
T-1 Steel,” Perry Arnold, Chicago Bridge & Iron Co. 


MARCH 27 
INDIANA Section. Dinner meeting 6:30. E. A. 
Fenton, Technical Secretary AWS. 


“Aluminum-Alloy 
A. MacArthur, Olin 


“Pressure-Vessel Fabri- 
W. R. Apblett, Foster 


Give full in 
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LOS ANGELES SECTION CELEBRATES WITH STAG PARTY 


Some of the 230 members and guests who were in attendance at the Christmas Dinner 
and Stag Party held by the Los Angeles Section on December 5th 


= 


Shown at speaker's table are, left to right, Leo West, Francis 
McGinley, Meil Christensen, Mike Weed, Geo. Murphy and Pete 


Hansen 


The group enjoyed the accordion 
playing of Silvia Haines 


Edwin O. Williams, left, and Alexis P 
Maradudin; past chairmen of the Sectior 


were among the celebrants 


Some of the ‘‘boys’’ who have contributed much to the Section’s 
growth: left to right, Dave O'Connor, Past President ‘‘Sandy”’ 


Sander, Al Fenalson, John Ross and Dick Hayes 


Novelty dancer Rita Rhem goes 
into her act 


Duke Art does his comedy act in clay 





Chairman John Ross introduced 
some of the many AWS celebrities 
present. Following these introduc- 
tions, a community sing took place, 
assisted by the lovely Miss Haines. 
After the dinner and show, many 
door prizes were drawn. 

It was a great night, a great show 
and will long be remembered by all 
those in attendance. 
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NUCLEAR-POWERED 
SUBMARINES 


Oakland.—-The October 20th 
dinner of the San Francisco Section 
was held at Pland’s in Oakland. 
This was considered one of the more 
important meetings of the current 
year. 

The first of the guest speakers was 


Gus Hoglund, AWS President and 
head of the Joining Section, Alcoa 
Process Development Laboratories, 
who spoke on the affairs and aims 
of the Society. 

The next speaker was Paul B. 
Dickerson of the Aluminum Com- 
pany of America, who presented a 
paper on the welding of the most re- 
cently developed aluminum alloys. 





SAN FRANCISCO HEARS HOGLUND, DICKERSON AND KINTNER 


Chairman L. Robbins greets President 
G. O. Hoglund at October 20th meeting of 
San Francisco Section. President Hog- 
lund spoke on the aims of the Society 


Paul B. Dickerson presented a paper on 
the welding of the most recently devel- 
oped aluminum alloys 


Commander E. E. Kintner spoke on the 
operational performance of the nuclear 
powered submarines 


e 





The last speaker was Commander 
E. E. Kintner, Nuclear Power Super- 
intendent, Mare Island Naval Ship- 
yard, who spoke on the operational 
performance of nuclear-powered 
submarines. Some of the problems 
connected with welding of piping in 
the primary coolant systems were 
also included in this paper. 


METAL-ARC WELDING 


San Jose.--On Tuesday evening, 
November 18th, the Santa Clara 
Valley Section met for dinner and 
meeting in the King Dodo room of 
the Hawaiian Gardens. 

Technical speaker was Harry J. 
Bischel, engineering manager, Arc 
Welding Department, Westinghouse 
Electric Corp. Mr. Bischel gave an 
interesting and informative talk on 
the automatic and semiautomatic 
welding of steel with the gas- 
shielded metal-arc process. He de- 
scribed how this process applies to 
aluminum, stainless steel and mild 
steel. He also stressed the rela- 
tively low cost of carbon dioxide as 
shielding gas. High current and 
high welding speed (150 ipm) tend 
to give the best results. 

The slides showed characteristics 
of welding equipment for  gas- 
shielded welding. 

Other slides showed: types of 
overhead, downhand and _ horizon- 
tal manual welding; thin-gage mild- 
steel welding in the automobile in- 
dustry; cost of gas-shielded metal- 
arc process; and comparative cost 
of using larger wire, up to '/, in. 
diam where 0.040 diam was pre- 
viously used. 

Concluding remarks were that 
the gas-shielded welding process can 
be applied to welding thin-gage 


mild steel by using correct equip- 
ment, current and speed. 


FIELD TRIP 


Sausalito...On December 6th, 
members of the Santa Clara Valley 
Section made a field trip to Sausalito 
to see the 340-ft model of San 
Francisco Bay, which has been con- 
structed by the Army Engineers. 
Slides illustrated construction of 
sections of the model. Diagrams 
and maps were available, showing 
actual locations along the Bay Area. 
A guide explained how the bay 
model is filled, and how many dif- 
ferent plans to build artificial bar- 
ricades in the bay are being studied. 
A motion picture and slides were 
also shown describing various proj- 
ects the Army Engineers have ac- 
complished in several places in the 
United States. 

All members and friends attend- 
ing the tour had lunch at Sabella’s 
on Fisherman’s Wharf. 


ARC WELDING 


Bridgeport.—Eighty-two mem- 
bers and guests of the Bridgeport 
Section met in the GE Auditorium 
on November 20th to hear a talk by 
J. Hinkel of the Lincoln Electric 
Co., Cleveland, Ohio, on cost cut- 
ting through application of the 
right electrode for the job. His for- 
mula is best described by the follow- 
ing terms: (1) fast fill; (2) fast 
follow; and (3) fast freeze. He 
stated that conditions warranted 
using one of these or combinations 


thereof to get minimum cost for 


application. 


ICBM ATLAS 


Glastonbury.—America’s first 
intercontinental ballistic missile, the 
Atlas, was discussed from materials 
selection and welding standpoints, 
when the Hartford Section met at 
the Villa Maria Restaurant in Glas- 
tonbury, on November 18th. 

The speaker was A. B. Hurlich of 
General Dynamic Corp.’s Convair 
Astronautics Division of San Diego, 
Calif. He is in charge of the En- 
gineering Materials Group at Con- 
vair, where the Atlas missiles are 
built. Mr. Hurlich was formerly 
associated with the Watertown Ar- 
senal. 


SOCIETY FUNCTIONS 


Miami.— At the November 16th 
meeting of the South Florida Section 
held at the Pioneers Club in Miami, 
E. C. Miller, District No. 4 Direc- 
tor, spoke on ““The Functions of the 
AMERICAN WELDING SOCIETY.” 

Mr. Miller summarized the his- 
tory of the Socrery, explained re- 
quirements for obtaining charters, 
made note of the various publica- 
tions and technical fields covered, 
as well as the dates and locations of 
national meetings and expositions. 

From questions asked Mr. Mil- 
ler, it was quite apparent that many 
members were not aware of the 
wealth of technical information 
available to them through the 
SocIery. 
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DESTRUCTIVE TESTING 


Miami.—-The regular meeting 
of the South Florida Section was 
held on December 17th at the local 
office of Pittsburgh Testing Labora- 
tories. The subject of “Destruc- 
tive Testing’ brought out 62 mem- 
bers and guests in spite of poor 
weather and Christmas shopping. 

The meeting was turned over to 
J. W. Harllee, district manager for 
Pittsburgh, who presented the guest 
speaker, M. S. Zeller of the Dade 
County Building & Zoning Depart- 
ment. Mr. Zeller explained, to 
everyone’s satisfaction, the whys 
and wherefores of inspection as ap- 
plied, in particular, to welded con- 
nections. 


an 
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Stock Models 
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Fully Automatic Gear Driven Posi 
tioners. featuring Geared Elevation, 
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Mr. Harllee then conducted live 
tests, detailing and interpreting re- 
sults. This was followed by a panel 
discussion. 


ALUMINUM WELDING 


Columbia City.—-The featured 
speaker at the December 4th dinner 
meeting of the Anthony Wayne 
Section held at the 30 Club in 
Columbia City was Howard B. 
Adkins. Mr. Adkins’ subject, “‘Alu- 
minum Welding,” covered the fol- 
lowing points: 


Patented 





Aronson TracTred (71 M. Reg ) Turning Rolls for thin-walled heavy 


Aronson Universal Balance Positioners 
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Heavy Duty Gear Driven 
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tic Braking, Mercury 
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350,000 Ibs 
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Heavy Duty Floor Turntables with 

precision speed control and Mag- 

netic Braking, used for welding, 

burning, X-raying, etc. Capacities 

to 120,000 Ibs., various heights 
and speeds 


Mode! D Gear Driven Positioners : 
Compact, Precise, Rugged 
Capacities to 1000 Ibs 





Rugged Head and Tail Stock for positioning 
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Backup for Zero Deflection, Magnetic 
Braking. Capacities to 160,000 Ibs 
Geared Elevation Optional 
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1. Aluminum and Aluminum Al- 
loy Selection. 

2. Comparison of Aluminum and 
Steel Welding. 

3. Equipment Required and Rec- 
ommendations for Produc- 
tion Use of Gas-Shielded 
Tungsten-Arc and Metal- 
Are Welding of Aluminum. 

4. Cleaning and Oxide Removal 
in Preparation for Welding. 

5. Shielding Gases and Recom- 
mendations. 

6. Porosity in Welding Alu- 
minum and Its Control. 

7. Practical Aspects or Tech- 
niques Recommended. 

8. Recent Research on the Use 
of Chlorine in Porosity Con- 
trol. 


Mr. Adkins is welding specialist 
in the Field Engineering Group of 
Kaiser Aluminum & Chemical Sales, 
Inc., Chicago, Ill. He was chair- 
man of the Madison Section from 
1955 to 1956, and is now a member 
of the AWS-ASTM Aluminum Filler 
Wire Committee and the AWS 
Educational Activities Committee. 


WELDING FIXTURING 


Indianapolis..-The November 
21st meeting of the Indiana Section 
was held at the Indianapolis Athle- 
tic Club. A short business meeting 
followed the dinner. 

Anthony Pandjiris, president of 
Pandjiris Weldment Co. of St. 
Louis, Mo., gave a very excellent 
talk on welding fixturing. His talk 
was a summary of a series of talks 
he had presented to the engineering 
students of the University of Tor- 
onto this past summer. His sub- 
ject was accompanied by a number 
of slides. This meeting was at- 
tended by 54 members and guests. 
Many of those in attendance stated 
that this was a very good presenta- 
tion. 


HOME TALENT SHOW 


Indianapolis.._The December 
12th meeting of the Indiana Sec- 
tion was held at the Athenaeum 
Turners Club in _ Indianapolis. 
Thirty members’ and __ guests 
attended this dinner meeting. A 
new RWMaA film was shown follow- 
ing the dinner. 

This meeting featured the annual 
“home talent show’? which was in- 
stituted last year and has met with 
a good reception from the member- 
ship. At these meetings, two or 
three members give a short talk on 
what their own particular industry 
is doing. Gene Wiley, welding en- 
gineer at Delco Radio, Kokomo, 








General Motors Corp., spoke on the 
work he has done in welding silver 
contacts to replace riveted con- 
tacts. William Jones, welding en- 
gineer at General Electric Co. plant 
located at Shelbyville, Ind., talked 
on the welding problems involved in 
the manufacture of industrial elec- 
tric heaters, furnaces, induction 
heaters and similar equipment. 
Both speakers illustrated their talks 
with slides. 


INSPECTION OF WELDS 


South Bend.—Over 30 members 
and guests of the Michiana Section 
met at the Russ Restaurant on 
November 20th to hear Arthur 
Lindgren, field engineer with the 
Magnafiux Corp., talk on ‘Selling 
Quality of Welded Products.” 
Prior to Mr. Lindgren’s discussion, 
another “‘picture tour,” in which it 
is endeavored to acquaint the mem- 
bers of the Section with one of the 
smaller industries actively engaged 
in welding in this area, was shown. 
This month, the George C. Miller 
Co. of St. Joseph, Mich., earth 
movers and erectors, was “‘toured.”’ 
After a look at several of their pieces 
of equipment at work, the audience 
“retired’”’ to the shop to witness 
maintenance-by-welding operations, 
upon which the company is exceed- 
ingly dependent. 

Mr. Lindgren, in his talk, em- 
phasized the need of setting up 
standards for the inspection of 
welds. He described various 
methods of weld inspection with 
emphasis on the magnetic and 
fluorescent penetrant types. Rec- 
ognizing the quality differential 
between aircraft and job-shop work, 
he discussed various types of indi- 
cations and how the defects which 
they represent affect the use of parts 
in these two fields. 

A number of slides showed some 
welds in process of being inspected 
by the magnetic-flux process and 
pointed out what indications of 
various appearances meant. He 
discussed means of determining 
whether an indication was caused 
by a defect or by normal condition 
in the weld or weld area. 


WELDING PROBLEMS 


South Bend.—For their Decem- 
ber meeting held on the 11th at the 
Russ Restaurant, the Michiana 
Section tried something new—to 
them—at least. Seven local mem- 
bers were persuaded to draw upon 
their experiences and to relate one 
or more welding problems which 
they had encountered and how they 


had been solved. The solutions 
presented varied from procuring a 
special machine that would form 
one of the parts going into an as- 
sembly, just before making the 
welds, to buttering techniques for 
joining dissimilar metals to con- 
vincing the customer that the 
quality he thought was lacking was 
there all the time. One speaker 
told how he got good welds from 
‘‘terrible’”’ electrodes by putting the 
electrode in a different brand box 
and giving it back to the same wel- 
der. Even nonwelding problems 
were solved, as one speaker told, 
when welding equipment and a 
welder’s ideas were applied to the 
problem of correcting out-of-round- 
ness on heat treated, flat rings. 
Another speaker told of increasing 
the speed and the amount of deposit 
in a submerged-arc weld by decreas- 
ing the wire size from */;¢ to °/ 39 in. 
Tricks of adapting old machinery 
to new jobs to keep costs down were 
described, as well as the methods 
used by welders who do not have 
laboratory facilities available when 
unknown materials are presented 
for welding. 

The members participating in 
this program were: Don Evenden, 
Mittler Supply Co.; Glen Farring- 
ton, Whirlpool Corp.; John Gro- 
drian, Bendix Products Div.; Don 
Kyler, Miles Laboratories; Claude 
Lauver, Clark Equipment Co.; Er- 
win Laylin, Laylin Welding Shop; 
and John Weis, Bendix Products 
Co. 


ALUMINUM GIRDER BRIDGE 
Des Moines.—The November 


meeting of the Jowa Section was 
held on the 20th in the Garden 
Room of the Kirkwood Hotel. 
The dinner was the usual buffet 
style. 

Ned L. Ashton, consulting en- 
gineer of Iowa City, was the 
speaker. Mr. Ashton spoke on the 
220- x 30-ft aluminum girder high- 
way bridge near Des Moines, Iowa. 

Mr. Ashton’s lecture covered the 
complete fabrication and _installa- 
tion of the first aluminum highway 
bridge in Iowa. The aluminum 
girders were fabricated by Pullman 
Standard Co. of Chicago, Ill., and 
transported by rail to the side near 
Des Moines. All of the welding, 
semiautomatic and manual, was by 
the metal-arc inert-gas process. 
The gas used was 75% helium and 
25% argon. Argon alone could not 
be used because of excessive poros- 
ity. The cost of this bridge was 
$17.30 per square foot. Mr. Ash- 
ton mentioned that this was 25% 
more expensive than a similar steel 
bridge built in lowa; however, with 
more aluminum bridges built, the 
cost could be reduced by 20 to 25%. 
Mr. Ashton said that they had the 
backing of all major aluminum com- 
panies in the design and manufac- 
ture of this bridge. 


Melt tielite! 


MAINTENANCE WELDING 


Baton Rouge. Thirty-four 
members of the Baton Rouge Section 
attended a dinner meeting held on 
October 20th at Mike and Tony’s 
House. After a short business ses- 
sion and a report on the progress of 
the Welding Projects contest which 








RICHARDSON SPEAKS ON MAINTENANCE 


; ‘ 





L. D. Richardson spoke on effective maintenance welding programs at the October 20th 


meeting of the Baton Rouge Section. 


Left to right are: George A. McNeely, Mr. Richard- 


son, Section Chairman Ray Klug, Maurice Simpson and V. H. Lyon 
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PRESSURE-VESSEL FABRICATION 





DISCUSSED BY APBLETT 


ro 





iF 


On November 20, the Baton Rouge Section heard a talk by William Apblett on the subject 


of pressure-vessel fabrication for nuclear service. 


Left to right are: H. Cutler, Section 


Chairman Ray Klug, M. Simpson, AWS Director-at-Large Jack L. York and Mr. Apblett 





the Baton Rouge Section is sponsor- 
ing for the local high-school stu- 
dents, the meeting was turned over 
to the technical speaker, L. D. 
Richardson, assistant general sales 
manager of Eutectic Welding Alloys 
Corp. 

Mr. Richardson gave a very in- 
teresting talk on “Effective Main- 
tenance Welding Programs.” He 
pointed out that in many cases in- 
dustry was losing thousands of dol- 
lars in time and material by not 
taking full advantage of welding. 
His talk was accompanied by slides 
illustrating repair jobs and methods 
where welding and proper mainte- 
nance procedures were used. 


PRESSURE VESSELS 


Baton Rouge. The Baton Rouge 
Section’s November 20th meeting 
was held at Bellemont’s Cafe Rouge 
with 31 members attending and en- 
joying an excellent buffet dinner. 

During the business _ session, 
guides were appointed to conduct 
103 high-school students from the 
Physics and Science class of the 
Baton Rouge schools on a _ plant 
tour. This tour (part of the educa- 
tional program being sponsored by 
the Section) was held on Tuesday, 
November 25th. The plants visited 
were Cal-Metals Pipe Fabricators, 
Delta Tank Mfg. and Esso Stand- 
ard Oil maintenance shops. An- 
other phase of the educational pro- 
gram that came up for discussion 
was the “Welding Products Week.”’ 
Committees were appointed to con- 
tact local merchants for window dis- 
plays of welded products and to pro- 
mote publicity on the importance of 
welding to the Baton Rouge econ- 
omy. 
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After the business meeting, Mau- 
rice Simpson, program chairman, 
introduced the guest speaker, Wil- 
liam Apblett, chief metallurgist of 
the Foster Wheeler Corp. of Car- 
teret, N. J. Mr. Apblett gave a 
very interesting talk on ‘‘Pressure- 
Vessel Fabrication for Nuclear Serv- 
ice.” The highlights of his talk 
were illustrated with a short movie 
and slides showing the hydraulic 
forming of 7-in. stainless-clad steel 
for reactors, the quenching proce- 
dure used and the quality controls 
necessary for this type of fabrica- 
tion. Mr. Apblett also touched on 
the methods and problems of tube 
welding in steam generator fabri- 
cation. 


Mrelmalelite, 


WELDING STAINLESS STEEL 


Baltimore.— Ninety - six mem- 
bers and guests of the Maryland 
Section turned out on November 
21st to hear a talk by George Lin- 
nert, research welding metallurgist, 
Research Labs., Armco Steel Corp., 
Baltimore. Mr. Linnert’s talk on 
the handling of problems in welding 
of stainless steel, by means of the 
Schaeffler diagram, was most help- 
ful and instructive. 

Mr. Linnert spoke of design 
characteristics producing trouble, 
namely fatigue cracks caused by 
abrupt changes in section in areas 
subjected to reverse strains. Also 
the problem facing the welder when 
substitute metals are supplied for 
those specified on the drawing. 

Mr. Linnert stressed the fact 
that a weld is made up of molten fil- 


ler metal mixed with molten base 
metal, and that the resulting mix 
characteristics obtained are not 
those of either. 

Mr. Linnert’s use of two projec- 
tors in getting across his ideas was 
novel and attention getting. 

Forty-six members were present 
at the dinner which preceded the 
meeting at the Engineers Club. 
Speaker at the dinner was the 
Honorable Ernest Trimble, Magis- 
trate, Parkville Police Court, who 
discussed the behavior and mis- 
behavior of the local population 
and visitors. 


FUTURE OF WELDING 


Baltimore.—-For the first time 
in 21 years the Maryland Section 
held a meeting in December. This 
special meeting was called on short 
notice on December 4th to hear 
National Secretary Fred L. Plum- 
mer and James F. Lincoln, chair- 
man of the board, Lincoln Electric 
Co., Cleveland, Ohio. 

Sixty-five members and guests 
had dinner at the Engineers Club 
and 90 members and guests were 
present at the meeting which fol- 
lowed. 

Mr. Lincoln spoke at length on 
the future of welding and today’s 
trends in welding. With half a 
century of personal experience to 
draw upon, he made comparisons 
between the various joining methods 
in use over the years, end showed 
how technological advances had 
outmoded many of them in favor of 
welding. He made an appeal for 
realistic codes and standards. “‘Let 
us not hamper our own industry,” 
he said, “by making our welding 
codes and standards unduly restric- 
tive. Instead, let us liberalize and 
simplify, wherever possible, within 
the standards of good engineering 
practice.” 

Mr. Plummer spoke on SOCIETY 
affairs. He indicated how the work 
of the technical committees aided 
industry and pointed out that the 
best engineers in the country get 
together under the auspices of the 
AWS to draft codes, prepare man- 
uals and write specifications. He 
mentioned the SocrETy’s part in 
welding education, the new Infor- 
mation Center established at head- 
quarters and the AWS WELDING 
HANDBOOK, widely considered the 
“Bible” of the industry. He ex- 
plained how membership in profes- 
sional societies is encouraged by in- 
dustry and leads to growth, recog- 
nition and promotion. 





Massachusetts 


BRAZING 


Boston.—Robert L. Peaslee, vice 
president of Wall Colmonoy Corp., 
was the guest speaker at the Novem- 
ber 10th dinner meeting of the Bos- 
ton Section held at the Hotel Lenox 
with 80 members and guests pres- 
ent. Mr. Peaslee’s subject was on 
“Brazing for High-Temperature 
Service.” With his clear-cut semi- 
technical approach, Mr. Peaslee 
held the interest of the group long 
after the planned closing. His 
knowledge of the subject is pro- 
found. 

Coffee speaker was Oscar Benson, 
assistant engineer of the Boston and 
Maine Railway. Mr. Benson did 
not talk on welding, but he en- 
lightened the group on the financial 
problems of running a railroad. 


WELDING PROGRESS 


Boston.—-One hundred members 
and guests attended the December 
8th meeting of the Boston Section 
held at the Hotel Bostonian in Bos- 
ton’s Back Bay. After a most en- 
joyable social hour, dinner was 
served by Dora Ferguson, Caterers. 
The well-fed feeling made for a 
highly receptive audience that lis- 
tened with interest while Secretary 
Fred Plummer extolled the many 
past accomplishments of AWS, the 
world-wide prestige it now enjoys 
and the wonderful plans for itsfuture. 

The technical speaker for the 


evening was another champion of 


welding, J. F. Lincoln, who pre- 
sented the challenge that is ours, to 
convince all those involved, of the 
versatility, applicability and general 
usefulness of welding. He pointed 


to the many restrictions in the 
standards as set up for welding, and 
emphasized that until certain ad- 
justments are made, progress in 
the industry will be slowed down. 
The discussion period subsequent to 
his presentation was spirited but 
was completed to the satisfaction of 
all present. 


HEAVY-PLATE WELDING 


Worcester.—-The November 3rd 
meeting of the Worcester Section 
was held at the Tower House. 
Members gathered for a social hour 
at 6:00 P.M., a roast beef dinner at 
7:00, and a technical meeting at 
8:00. 

John Lang of the Lukenweld Di- 
vision of Lukens Steel gave a very 
informative talk, with the aid of 
slides, on the welding of large heavy 
plates. He pointed out that theory 
does not always work, and that a 
trial-and-error method is_ often 
necessary. Mr. Lang’s discussion 
was centered around production 
methods. 

2 


Every member of the Section 
deeply regrets the loss of Clifford 
H. Murray who passed away No- 
vember 26, 1958. Cliff was a char- 
ter member and as Secretary did a 
great deal for the Section. 


FORMING OF PLASTICS 


Grand Rapids.—-The November 
24th meeting of the Western Mich- 
igan Section was held at the Varsity 
Grille. There were 34 present for 
the dinner and these were joined by 
6 more for the technical session and 








of the Worcester Section. 


LARGE-WELDMENTS FABRICATION DISCUSSED BY LANG 


0 


John L. Lang spoke on the fabrication of large weldments at the December Ist meeting 


Seated at the speaker's table are (left to right): E. W. Spell- 


man, R. L. Childs, E. C. Hall, Section Chairman W. H. Frye, Mr. Lang and L. Wellman 
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plant demonstration. 

District Director James Alcock 
of the Saginaw Welding Supply Co. 
was the guest for the evening. 

John Grafford, methods engineer 
of the A.M.I. Corp. in Grand 
Rapids, was the speaker. Mr. 
Grafford gave a short talk, accom- 
panied with slides, on the “Vacuum 
Forming of Plastics.”’ After the 
talk and the showing of slides, the 
group journeyed to the A.M.I. 
plant and saw an actual demonstra- 
tion of the process. Several of the 
machines were in operation for the 
evening, and everyone was impressed 
by this amazing demonstration of 
shaping intricate as well as large 
sheets of plastic by vacuum. 

The A.M.I. also gave a demon- 
stration of the Stereophonic Hi-Fi 
they are manufacturing for the 
home trade, as well as the portable 
washing machines that they are also 
manufacturing. 


Minnesota 


WELDING CONFERENCE 


Minneapolis.—-The Northwest 
Section, in cooperation with the 
University of Minnesota, held a two- 
day conference on ‘Metals and 
How to Weld Them.” The con- 
ference covered eight topics chosen 
by a committee composed of Uni- 
versity staff and Northwest Section 
members. Each topic was covered 
by a recognized authority in each 
field. The program began at eight 
o’clock each morning and _ lasted 
until four-thirty each afternoon. 
A question-and-answer session was 
held at the end of each talk which 
was of great value to everyone. 

A dinner held on the evening of 
the first day was made a great suc- 
cess by William S. Osborne’s talk, 
“Implications of Our Missile and 
Space Age.”’” The two-day meeting 
had a registered attendance of 60 
people, and everyone attending 
benefited. 


ALUMINUM WELDING 


Manchester.—-The New Hamp- 
shire Section met on November 17th 
for dinner and meeting at the 
Queen City Motel. 

The evening’s speaker was I. A. 
MacArthur of the Olin Mathieson 
Chemical Corp., New Haven, Conn. 
His topic was “Aluminum Welding, 
Past, Present and Future.” He 
covered: 
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The history of aluminum. 

The process involved in mak- 
ing aluminum. 

The different alloys and their 
formulas. 

The proper filler metal to 
use with each alloy. 

The different methods of sol- 
dering aluminum tubing to 
copper, brass, etc. 


The speaker discussed the use of 
aluminum in superstructures and 
hulls aboard ships, large storage 
tanks, pressure vessels, railroad 
cars, buses, lighthouse towers and 
bridges. His talk covered from 
'/,s-in. plate to 2-in plate. 

A color film was shown after the 
lecture which demonstrated the 
topic still further. 

He was congratulated on present- 
ing a clear, informative and interest- 
ing lecture. 


POWER SUPPLIES 


Newark.—The New Jersey Sec- 
tion Meeting held on November 
18th at the Essex House, Newark, 
gave the audience of about 100 


members and guests an opportunity 
to participate in a lively panel dis- 
cussion dealing with ‘‘Power Sup- 
plies.” Thomas Smith of Bethle- 
hem Shipbuilding Co. served as 
moderator for the panel composed 
of John H. Blankenbuehler of Ho- 
bart Bros.; Arthur Gast, Miller 
Electric Co.; Alexander Lesnewich, 
Air Reduction Co.; and Jess W. 
Omazel of Harnischfeger Corp. 
Preliminary comments by the 
panel members acquainted the au- 
dience with some of the problems 
and solutions that have grown with 
present-day welding practices and 
power sources. Questions and an- 
swers delved into such technicalities 
as ripples, drooping characteristics, 
constant potential, constant voltage, 
drop transfer, high frequency, and 
F.C.C. control, rectifiers and rotat- 
ing sources. The capable panel 
did their best to help the members 
realize there is more in this field 
than meets the eye; that an im- 
proper power source can result in de- 
fective welds and excessive costs. 
The panel experts made predictions 
for the next five years, which in- 
cluded much improved rectifiers to 
develop ideal conditions needed for 
any type of welding; small, com- 
pact power sources using transis- 
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tors; more central, diesel supply 
sources for large multipurpose in- 
dustrial installations; and increased 
automation employing ‘‘memory”’ 
systems, tapes, etc., to carry out 
execution of welding operations. 

Each member of the panel was 
presented with a plaque in appre- 
ciation of his contribution. 

After the meeting adjourned, the 
usual after-meeting get-together 
took place. 


PREDICTIONS FOR THE 
FUTURE 


New York.—A glimpse into the 
future was given to members of the 
New York Section, by four out- 
standing speakers at a dinner meet- 
ing held in Victor’s Restaurant, 
New York City, on December 9th. 
The meeting was in the nature of a 
panel _ presentation. President 
G. O. Hoglund revealed what the 
future holds for the aluminum in- 
dustry. High-strength aluminum 
alloys are already being used for 
highway bridges with concrete road- 
ways and for portable bridges for 
Army use. The strength, lightness 
and noncorrosive features of alumi- 
num are recognized, and more use 
will be made of the metal in struc- 
tural operations, in chemical applica- 
tions and for gas and oil pipe lines. 
An 1100-mile aluminum alloy pipe 
line is already projected. 

David Brown, president of the 
American Bureau of Shipping, gave 
more than a glimpse into the future 
of shipping operations. He actu- 
ally visualized underwater cargo 
vessels of 100,000 deadweight tons 
traveling at a speed of 60 knots. 
This was based on the logical out- 
come of present trends and develop- 
ments. Mr. Brown pointed out 
that ships are very uneconomical 
units as far as power-speed ratios 
are concerned. When ships are 
traveling through the water, waves 
are created. The faster the speed 
of travel, the greater is the percent- 
age of power absorbed by the waves. 
In addition, the ship is subjected to 
severe buffeting and straining from 
waves generated by the forces of 
nature. It is logical, therefore, for 
designers to consider the possibility 
of completely submerged ships or 
ships almost completely out of the 
water. Recent developments in nu- 
clear power have removed one great 
barrier to completely submerged 
cargo ships, and studies are being 
made of the feasibility of under- 
water tankers of large size and high 
speed. Fabrication of such vessels 





SPEAK ON WHAT 
THE FUTURE HOLDS 


FOR WELDING 


David Brown described the future of 
shipping operations 


John L. Cahill introduced the speakers at 
the December 9th meeting of the New 
York Section 


Past President Joe Humberstone spoke 
on special developments in welding field 


AWS President G. O. Hoglund spoke on 
what the future holds for the aluminum 
industry 


National Secretary F. L. Plummer dis- 
cussed the operations of the Society 





could be done by no other method 
than welding. 

Past President Joseph Humber- 
stone carried his audience into the 
realm of fantastic temperatures and 
almost unbelievable technological 
developments. 

A plasma gun has been developed 


which generates a temperature of 


36,000° F, a temperature high 
enough to vaporize any known ele- 
ment. 

High-frequency _ resistance-weld- 
ing units are in the development 
stage. 
450,000 cycles per sec are used 
(household eletrical circuits operate 
on 60 cycles per sec). Only the 
surface skin of the metal is affected 
and tremendous welding speeds are 
possible. 

Joining metals by means of sound 
waves has been practiced for some 
time, but now this method of ultra- 
sonic welding is entering new fields. 
Originally used for relatively light- 
gage metals, the process is employed 
now on heavier and thicker metals. 
Thin metal can be joined to thick, 
and the vibrations induced in the 


Frequencies in the region of 


metal have a cleaning effect which 
renders precleaning unnecessary. 

Electric beam welding is another 
development which shows great 
promise. Welds are completed in a 
vacuum, and the beam is directional 
and can be concentrated on any 
given point. 

National Secretary Fred L. Plum- 
mer explained that a SoclETY such 
as the AWS is one of the best ex- 
amples of a democracy at work. 
There are great advantages and 
minor inefficiencies, but decisions 
are made by the majority for the 
majority and implemented by the 
staff. 

Mr. Plummer expressed his con- 
viction that the future holds great 
promise and vast potential for weld- 
ing and that the future of welding 
and the future of the AMERICAN 
WELDING SOCIETY are so intimately 
related that each will affect and be 
affected by the other. 
welded fabrication can be seen 
everywhere. In the home there is 
hardly an appliance which was not 
assembled by some welding process. 
Missiles and _ satellites, aircraft 


Evidence of 


carriers and ships, bridges, towers 
and buildings all rely on welding to 
some extent. 

The national secretary predicted 
that the usefulness of future metals 
and alloys would be in direct ratio 
to their weldability. 


ULTRASONIC INSPECTION 


Menands.—The Northern New 
York Section held its second tech- 
nical meeting of the season on 
Thursday night, December 4th, at 
Panetta’s Restaurant. Chairman 
Richard Nowell presided at the 
meeting attended by 45 members 
and guests. After dinner, the 
movie “Beyond the Andes’ was 
shown. 

The speaker for the evening was 
John Bobbin from Branson Instru- 
ment Co. in Stamford, Conn. Mr. 
Bobbin’s topic was ‘‘Ultrasonic In- 
spection,’’ a nondestructive testing 
technique which is gaining wide- 
spread application in welded com- 
ponents. Mr. Bobbin explained the 
fundamental principles on which 
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COVERS ULTRASONIC 
INSPECTION 


John Bobbin, guest speaker at the 
December 4th meeting of Northern New 
York Section, is flanked by Sal D'Andrea 
on the left and Chairman Dick Nowell on 
the right 





ultrasonic inspection is based, after 
which he described how these funda- 
mentals were put to practical use to 
provide this versatile method of de- 
tecting defects in base material and 
welded joints. He also cited a 
number of different applications in 
which ultrasonic inspection has been 
and is being used with highly satis- 
factory results. Included in these 
applications were several mech- 
anized ones in which the sonic-test 
results are permanently recorded on 
a chart. 

Mr. Bobbin’s talk was aptly il- 
lustrated throughout with photo- 
graphic slides. The interest which 
it aroused in the audience was evi- 
dent by the large number of diversi- 
fied questions which were raised 
from the floor, and answered by Mr. 
Bobbin, at the conclusion of his for- 
mal talk. 


IRON-POWDER ELECTRODES 


Olean. Twenty-four members 
and guests gathered at the Castle 
on Tuesday, November 18th, for 
the third meeting of the season of 
the Olean-Bradford Section. 

After a delicious fresh ham din- 
ner, the group was addressed by 
Richard K. Lee, vice president and 
manager of product development 
for the Alloy Rods Co. of York, Pa. 
Mr. Lee spoke on the storage, com- 
position, procedure for welding and 
applications of iron-powder low- 
hydrogen electrodes. Mr. Lee also 
related several instances where 
higher quality at less cost had been 
attained by the use of E-7018 elec- 
trodes. 


BRAZING MATERIALS 


Syracuse.—The November 12th 
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meeting of the Syracuse Section was 
held at the Hotel Onondaga. 

After a turkey dinner with all the 
trimmings, the 27 members and 
guests present relaxed while enjoy- 
ing two 16-mm films on the Sports 
Events of 1956. 

This was followed by a talk with 
slides by Karl Weigert, research 
metallurgist for the Curtiss Wright 
Corp. Dr. Weigert has many slides 
for the metallurgist connected with 
the research and development of 
metals. His talk was of interest 
to those in the research field. 


lai @clacliiite 


PLANT TOUR 


Raleigh.—-The Carolina Section 
met on November 24th in the Cafe- 
teria of the Westinghouse Corp. 
prior to a tour of the plant. 

The tour was arranged by J. A. 
Babcock and O. K. Barnes of the 
Westinghouse Meter Plant in Ra- 
leigh. This is the largest plant in 
the country devoted to the exclu- 
sive manufacture of watthour me- 
ters. This tour was made with em- 
phasis on metal-joining activities. 

Prior to the tour, Mr. Barnes 
gave a description of the welding 
and brazing operations in this plant. 
Tony Ketner, John Parrish, Jay 
Kneedler and Alex Dawkins, en- 
gineers, were the guides during this 
tour. 


FILLER METALS 


Columbus.—On Friday, Nov. 
14, 1958, the Columbus Section held 
its monthly Dinner Meeting and 
Technical Session. The program 
for the evening was a panel presen- 
tation on ‘Electrodes and Filler 
Wire Used to Weld Ferrous Metals.”’ 
The panel consisted of three mem- 
bers, each speaking for fifteen min- 
utes. The speakers and their sub- 
jects were as follows: Prof. Roy 
McCauley, Chairman, Department 
of Welding Engineering, Ohio State 
University, Columbus, Ohio; ‘Elec- 
trodes and Filler Wires for Welding 
Plain - Carbon and _ Low-Alloy 
Steels;’” Raemon P. Sopher, As- 
sistant Chief, Metals Joining Di- 
vision, Batteile Memorial Institute, 
Columbus, Ohio; ‘Electrodes and 
Filler Wires for Welding High- 
Strength and Ultra High-Strength 
Steels;’’ and Paul Speer, Chief Weld- 
ing Engineer, Janitrol Aircraft Di- 


SPEAKS ON EDUCATION 


A.W. S. 


DAY TON 


ce cetTrion 


Morris D. Thomas delivering his talk on 
‘*How to Put Our Personal Welding Sput- 
nik Into a Higher Orbit’’ at the November 
1lth meeting of the Dayton Section 





vision, Surface Combustion Corp., 
Columbus, Ohio; ‘Electrodes and 
Filler Wires for Welding Stainless 
and Heat-Resisting Steels.”’ 

Each speaker gave a brief résumé 
on the various types of electrodes 
used in welding ferrous materials 
and their application and problems. 
The talks were followed by a ques- 
tion-and-answer period directed by 
Milton Randa! of Battelle Memorial 
Institute. 


WELDING EDUCATION 


Dayton. Approximately 30 
members and guests attended the 
November 11th meeting of the 
Dayton Section held at Kuntz’ Cafe. 

The speaker was Morris D. 
Thomas, head of Welding Engineer- 
ing at General Motors Institute, 
Flint, Mich. His talk on ‘“‘How to 
Put Our Personal Welding Educa- 
tion Sputnik Into a Higher Orbit” 
was very interesting as he gave a 
list of check points for use in keeping 
one’s education up to date. He also 
covered the work being done by the 
various educational committees of 
the AWS on the national level and 
the welding courses offered by col- 
leges and universities. 

The talk was preceded by a social 
period, a fried-chicken dinner and 
a color film ‘‘Living Unlimited.” 


QUIZ PROGRAM 


Findlay.—The North Central 
Ohio Section meeting of the month 
of December held at the Findlay 
Country Club on December 5th was 
the annual quiz program with Cleve- 
land, Cincinnati, Stark Central and 
Columbus Sections participating. 
The winner was the Cleveland Sec- 
tion. Howard Cary was the pro- 
gram chairman. 





CARBON-DIOXIDE WELDING 


Toledo.—The regular monthly 
meeting of the Toledo Section held 
on November 18th was on the sub- 
ject “CO, Welding of Steel.” R. 
W. Tuthill of the Air Reduction 
Sales Co. presented a very compre- 
hensive talk, including slides of ap- 
plications and equipment required. 
Mr. Tuthill also showed slow-motion 
pictures of the arc and filler metal 
transfer of several inert-gas con- 
sumable-electrode processes. 

Mr. Tuthill prefaced his talk by 
pointing out that the main difference 
between inert-gas consumable-elec- 
trode welding and other types of 
welding is the high current densities 
involved in the former. This dif- 
ference was pointed out also in the 
high-speed movies and also in the 
description of “dip transfer’? which 
is accomplished in CO, welding by 
using relatively low (for inert-gas 
consumable-electrode welding) cur- 
rent densities. The speaker’s able 
presentation, combined with the 
fine slides, and the amazing movies 
of the arc action made the evening 
an interesting and educational meet- 
ing. 


SUBMERGED-ARC WELDS 


Toledo.—-The subject presented 
at the December meeting of the 
Toledo Section, was on ‘‘Submerged- 
Arc Welding of Carbon and Low- 
Alloy Plates.” The speaker was 
Charles L. Dooley, chief welding 
engineer for the Sun Shipbuilding 
and Drydock Co., who proved for 
the second year to the Toledo Sec- 
tion that he is an interesting and 
capable speaker. 

Deposition rates of 30 lb /1000 


amp each hour are average with Mr. 
Dooley, although he realizes that 
much higher rates are _ possible. 
The speaker said that submerged- 
are welds are good, being of low-hy- 
drogen content and of X-ray quality. 
One of the dangers of the process is in- 
gotism, due to the dendritic freeze of 
the melt. Mr. Dooley spent some 
time explaining joint design and 
multipass and single-pass welding. 
The speaker gave some interest- 
ing details concerning the fabrica- 
tion of LPG drums, selecting this 
example because it is a fairly com- 
mon example of competitive pres- 
sure-vessel work. Concerning the 
use of submerged-arc welding in 
ship work, Mr. Dooley showed 
photographs and samples of welds 
performed with tandem heads, single- 
pass welds on 1'/»-in. thick plate. 
The meeting was held on Decem- 
ber 16th at the Toledo Yacht Club. 


Pennsylvania 


FASTENERS 


Allentown. —The Lehigh Valley 
Section met on November 3rd for 
dinner and meeting at Walps Res- 
taurant. 

H. J. Stetina, Regional Engineer 
for the A.I.S.C., Philadelphia, Pa., 
presented an interesting talk on 
“Choosing the Right Fastener.” 

The speaker discussed many 
building codes and_ specifications 
regarding fasteners and the inter- 
pretation of such codes and specifica- 
tions to actual construction. 

Mr. Stetina presented the advan- 
tages and disadvantages of using riv- 





RICE ADDRESSES PORTLAND SECTION 


William Rice was the principal speaker at 
the November 1lth meeting of the Port- 
land Section. Left to right are: G. Seig- 
nor, S. L. Sampson, Dr. Rice and H. M. 
Watt 


Dr. Rice delivering his talk on the effects 
of corrosion on various types of stain- 
less steel. He discussed many of the 
welding problems encountered 


FASTENERS DISCUSSED 


“Choosing the Right Fastener’’ was the 
topic discussed by H. J. Stetina (left) at 
the November 3rd meeting of the Lehigh 
Valley Section. Section Chairman C. D. 
Jensen is shown at right 





ets, ribbed bolts, hi-tensile bolts, 
unfinished bolts and welding. 

Mr. Stetina, during his talk, 
showed slides illustrating his sub- 
ject. One such subject was the 
new high-tensile bearing _ bolt, 
which is a new form of a high-tensile 
bolt. 

To summarize his talk, Mr. Ste- 
tina reviewed the following factors 
which influence the choice of a fas- 
tener: “A,” one that satisfies con- 
ditions of design; ‘B,” one that 
costs the least; and “C,”’ one that 
obtains the same factor of safety, 
no more, no less, than is realized in 
the members being joined. 


GUIDED MISSILES 


Allentown.—W. R. Lucas, chief 
of engineering materials section at 
the Structure and Mechanics Lab- 
oratory of the Army Ballistic Mis- 
sile Agency in Huntsville, Ala., was 
the technical meeting speaker for 
the Lehigh Valley Section, which 
met on December Ist at Walps 
Restaurant. 

In his talk, illustrated with slides, 
Dr. Lucas told of the many prob- 
lems with materials and welding 
encountered in the construction 
and development of guided missiles. 
The Army Ballistic Missile Agency 
developed the Redstone and Jupiter 
missiles and missile fuels. Materi- 
als for missiles require high strength- 
to-weight ratio, resistance to tem- 
perature and pressure extremes and 
must be a reliable material. Mate- 
rials for containers of liquid fuel 
pose many problems for the labora- 
tory. 

The speaker told of the technique 
for welding aluminum and other 
unusual metals used in missiles and 
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the use of ultrasonic weld inspec- 
tion. In closing, he pointed out 
that material selection and applica- 
tion are very important factors in 
the design of missiles. 

A film on the development and 
firing of the Jupiter missile was 
shown after the meeting. 

Prof. Carl Cabeen of the De- 
partment of Geology and Geography 
at Lafayette College, Easton, was 
the coffee speaker. He told of his 
experiences in Teheran, Iran, while 
organizing a pre-engineering school 
for native students. 


METAL FORMING 


Erie.—The Northwestern Penn- 
sylvania Section met on November 
18th at Soudans Restaurant. A 
slide-illustrated discussion on ‘‘Hot 
Upsetting and Metal Gathering by 
the Resistance Heating Process’ 
was presented by W. F. Haessly of 
the Taylor Winfield Corp. of War- 
ren, Ohio. This process is a novel 
approach to metal forming or fabri- 
cation which could be used in many 
areas, with excellent results in 
quality and outstanding cost sav- 
ings. 


RESISTANCE WELDING 


Philadelphia.— Resistance weld- 
ing at the Budd Co. was the feature 
at the November meeting of the 
Philadelphia Section held on Nov- 
ember 17th. Eighty-five members 
and guests enjoyed this panel-type 
program put on by one of the Sus- 
taining Members. The _ speakers 
were from both the Red Lion and 
Hunting Park Avenue plants of 
the Budd Co. 

H. D. Van Sciver acted as 
moderator and historically outlined 
the progress of resistance welding. 
R. S. (Bob) Phair covered the high- 
speed applications associated with 
automotive resistance welding at 
the Hunting Park Ave. plant. He 
called attention to the various types 
of equipment and the importance of 
“drawer-type”’ timing units. 

Junior Past Chairman Byron 
Gates outlined applications of re- 
sistance welding at the Red Lion 
plant. These included aircraft, 
railway cars, truck-trailer bodies, 
jet-engine components, automotive 
applications, etc. The production 
tools and equipment, as well as the 
testing methods and facilities were 
illustrated and described. Mr. Gates 
stressed the importance of equip- 
ment qualifications and certifica- 
tion and adequate quality control 
for obtaining reliable production. 

Richard Archer discussed some of 
the fundamentals of spot welding. 





His stimulating discussion of prin- 
ciples led to the description of a new 
automatic controlling device which 
has been developed by the Budd 
Co. This unit will sense and correct 
for certain variables and will contrib- 
ute immeasurably to the uniform- 
ity of the product. 

Walter Mehl of the Heintz Di- 
vision, Kelsey-Hayes Co., conducted 
the discussion period. In his custom- 
ary manner, Mr. Mehl interjected 
bits of humor and certainly stimu- 
lated audience participation in the 
meeting. 


PANEL DISCUSSION 


Philadelphia.—As has been the 
general rule all season, the Panel 
Discussion put on by the Philadel- 
phia Section at the Engineers Club, 
on Friday, December 5th, made 
for a very interesting evening. The 
subject for this discussion was 
“Solutions of Welding Problems.”’ 
For a full hour and a half, members 
and guests fired the questions and 
panel members picked them up for 
discussion. 

Response to questionaire forms 
sent out to members was less than 
expected, but apparently everyone 
preferred to present their questions 
on the floor. 

The panel members were: J. 
Girini, Supervisor Welding Eng., 
Philadelphia Naval Shipyard; R. 
Guenzel, District Manager, South- 
ern Oxygen Co.; J. MacKinney, 
Asst. Supt., the Budd Co.; and L. 
Poole, Met. Eng., Western Electric 
Co. 

Panel moderator was L. Wooding, 
Laboratory Supt., Indus. Testing 
Lab., Philadelphia Naval Shipyard. 


NUCLEAR POWER PLANTS 


Philadelphia.—The December 
15th meeting of the Philadelphia 
Section was the annual joint meet- 
ing with the Society of Naval Archi- 
tects and Marine Engineers. En- 
tertainment and an open bar prior 
to the dinner and meeting were en- 
joyed by the 150 diners and the 200 
attendees at the meeting. 

Featured speaker was Richard 
P. Godwin, nuclear projects officer 
of the Maritime Administration and 
chief of the Maritime Reactors 
Branch of the Atomic Energy Com- 
mission. Mr. Godwin spoke on the 
design and propulsion of nuclear 
power plants for ship propulsion. 
Mr. Godwin proved himself a mas- 
ter speaker. He held the attention 
of everyone, presenting a discus- 
sion with the intelligence to interest 


When low alloy weld requirements 
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GODWIN SPEAKS IN 
PHILADELPHIA 





Richard P. Godwin described the design 
and propulsion of nuclear power plants 
for ship propulsion at the December 15th 
meeting of the Philadelphia Section 





the initiated in nuclear power, and 
yet simple enough for the novice to 
understand. 

In addition to slides showing the 
location of the reactor container in 
the ship Savannah’s hull, Mr. God- 
win briefly explained the function 
of four of the ten basic types of sys- 
tems. The four covered were the 
pressurized water system, the boil- 
ing water, the organic and the gas- 
cooled reactor. Mr. Godwin re- 
marked that the big problem was 
not whether or not the nuclear 
power would be successful; rather, 
the safety, economics and reliability 
were the big test. 

Vice-Chairman F. Iapalucci sum- 
med up the reactions to Mr. God- 
win’s presentation in a very few 
words when he stated that it was 
one of the best heard by the Phila- 
delphia Section in the past 18 years. 

The chairman acknowledged the 
presence of past chairmen Harry 
Pierce, E. Goehringer, Gus Garcia, 


Ralph Bradway and Rudy Guenzel 
as well as Norris Scott, Section 
chairman, Naval Architects and 
Marine Engineers; Captain Joseph 
Flynn, Commander Philadelphia 
Naval Shipyard; Captain Theodore 
J. Banvard, plan and estimating 
superintendent, Philadelphia Naval 
Shipyard; Captain R. J. Zanzot, 
supervisor shipbuilding, USN as 
Naval Inspector of Ordnance, and 
Captain F. B. Merkle, command- 
ing officer and director Naval Boiler 
and Turbine Lab., Philadelphia 
Naval Shipyard. 


CODES AND SPECIFICATIONS 


Pittsburgh.— The regular month- 
ly meeting of the Pittsburgh Sec- 
tion was held on Wednesday, Nov- 
ember 19th, in the auditorium of 
the Mellon Institute of Industrial 
Research, with 91 in attendance. 
Fifty-eight were present at the get- 
together dinner held in the Hunt 
Room of the Hotel Webster Hall. 

Featured technical speaker was 
A. N. Kugler, chief welding engineer 
for the Air Reduction Sales Co., 
New York. 

Mr. Kugler discussed the relation 
between government and industrial 
specifications and methods of meet- 
ing both. He also discussed present 
efforts being made to coordinate the 
two groups. 

Guest speaker at the dinner and 
meeting was President G. O. Hog- 
lund, who gave a short talk on the 
Society and its many activities. 


Tennessee 


SURFACING AND 
MAINTENANCE 


Nashville.-_L. D. Richardson, 
director of Applied Welding En- 


gineering for Eutectic Welding Al- 
loys Corp., gave a very enlightening 
talk on “Hard Surfacing and Die 
Repair and Maintenance Welding”’ 
at the November 13th meeting of 
the Nashville Section held in the 
auditorium of the Chamber of 
Commerce Building. He discussed 
simple, straight-beveled joints, ef- 
fects of heat and expansion, groov- 
ing, the repairing of diesel equip- 
ment and motor blocks, the joining 
of dissimilar metals and _ stresses. 
He discussed also the amount of 
both time and money various com- 
panies saved by hard surfacing and 
die repair and welding of cast iron. 
Various interesting slides were 
shown and explained. 


METAL TRANSFER 


Knoxviile.— Forty members and 
guests of the Northeast Tennessee 
Section were present on October 
20th to hear a talk by Alexander 
Lesnewich of the Airco Research 
Laboratory, Murray Hill, N. J., on 
‘Metal Transfer and Power Sup- 
plies for Inert-Gas-Shielded Con- 
sumable-Electrode Welding.”’ 

The inert-gas metal-arc process 
was conceived as a method of join- 
ing active metals such as aluminum, 
magnesium and alloys containing 
easily oxidized elements, stated 
Dr. Lesnewich. He showed that 
sound welds can be made with ease 
in such alloys and that elements 
such as titanium, columbium and 
aluminum in alloys can be trans- 
ferred almost without loss through 
the inert-gas, shielded arcs. The high 
intensity of these arcs also permits 
the welding without preheat of 
otherwise difficult-to-weld metals 
having high thermal conductivity 
such as aluminum and copper. 

The speaker pointed out that 
fluxes are not needed and, since al- 





TALK COVERS SURFACING AND MAINTENANCE 





Hard surfacing and die repair, as well as maintenance welding, 
were discussed by L. D. Richardson at the November 13th meet- 


ing of the Nashville Section. 
attendance 
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This is part of the large crowd in 





Shown above are Section Vice-Chairman John Beuill, Chairman 
Burton C. Haworth, W. Michael Belew, Mr. Richardson and Pro- 
gram Chairman Russell Stout 











most no oxidation of the alloys oc- 
curs, no slags are formed that re- 
quire subsequent removal. 

The inert-gas process was not ac- 
cepted for joining mild steels since 
the older covered electrodes were 
felt to be more economical. For 
this reason, carbon dioxide was 
introduced as a shielding gas. Con- 
trary to expectations, sound welds 
are easily obtainable with carbon- 
dioxide protection. The major prob- 
lem, spatter, is minimized by main- 
taining very short arc lengths; the 
welds are as strong and ductile as 
those associated with the older proc- 
esses. High-strength welds also 
can be made in stainless steel. 
However, carbon pickup and the loss 
of stabilizing elements cause cor- 
rosion problems. In addition, such 
welds have very poor impact prop- 
erties. 

Dr. Lesnewich then discussed the 
power supplies used for gas-shielded 
metal-arc welding. Although the 
standard power supplies with droop- 
ing volt-ampere outputs are satis- 
factory, more recent designs having 
constant or rising volt-ampere out- 
put are more useful for certain ap- 
plications. The constant - voltage 


machines allow a greater range of 


wire-feed settings for a given power 
supply setting. In addition, some 
variation in the distance from the 
gun to the workpiece can be made 
without changing the arc length. 
Therefore, such machines can be 
used effectively with automatic 
machines having constant wire feed 
speeds and allow relatively inex- 
perienced operators to weld without 
difficulty. 

The rising volt-ampere machines 
are designed to allow great changes 
in wire feed speed to be made with- 
out affecting the arc length. This 
feature is desirable where frequent 
changes of current or deposition 
rate are needed since the power 


HEAR TALK ON CLAD STEELS 





Part of the large audience on hand at the November 18th meeting of the 


Houston Section. 
and application of clad steels 


W. H. Gorman and H. E. McClure spoke on the fabrication 





supply setting does not need to be 
readjusted. 

A new method of welding de- 
scribed as ‘“‘dip-transfer’’ was dis- 
cussed briefly. ‘The dynamic prop- 
erties of a power supply are con- 
trolled to allow welding of steels in 
the vertical and overhead positions 
with considerable ease when using 
carbon-dioxide shields. 


CLAD-STEEL FABRICATION 


Houston.—-The November 18th 
meeting of the Houston Section had 
70 in attendance, and the technical 
program was well received, as the 
subject matter is one widely used 
in this part of the country. 

The subject, “Fabrication and 
Application of Clad Steels,” was 
presented by William H. Gorman, 
Jr., sales engineer, and Harry F. 
McClure, welding service engineer, 
Lukens Steel Co. 





HOUSTON SECTION OFFICERS MEET 





Shown above are the officers of the Houston Section and Corpus Christi, Sabine and 
Austin Divisions who met on December 9th in Houston, Tex. 


EDUCATIONAL COURSE 


Houston.—The officers and 
directors of the Houston Section 
and the Corpus Christi, Sabine and 
Austin Divisions held a monthly 
meeting on Dec. 9, 1958, in the Hous- 
ton Engineering and Scientific So- 
ciety Building, for the purpose of 
discussing the affairs of the AWS 
and, also, to enable the chairman to 
give a complete report on the first 
educational course. 

The educational course had a 
total enrollment of 112. The at- 
tendance at all eight sessions was 
very good. It was decided by the 
officers to offer an educational 
course each year to promote the 
advancement of welding in this 
section of the country. 

A renewed effort to secure new 
members was outlined by Member- 
ship Committee Chairman E. T. 
Looney. 

A financial report was given by 
Secretary-Treasurer L. L. Man- 
chester. 

The list Vice-Chairman and Pro- 
gram Chairman M. C. Avis dis- 
cussed the programs lined up for the 
remainder of the year. 

Bill Brandt, chairman of the Sa- 
bine Division, gave a complete re- 
port on the affairs of that Division. 


WELDING METALLURGY 


San Antonio.—-The December 
Ist meeting of the San Antonio Sec- 
tion was held at Captain Jim’s Cafe, 
with an attendance of 79 at the 
dinner and meeting. 

B. D. Rowland, metallurgical en- 
gineer with Earl M. Jorgensen Co.., 
was the guest speaker for the even- 
ing. His topic was ‘Introduction 
to Metallurgy.”’ Mr. Rowland is a 
graduate of Sheffield University in 
England; also he did graduate work 
at William Jessop, England. 

The speaker divided the program 
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STUDENT MEMBERS SPONSORED BY SAN ANTONIO SECTION 





Eight students (center), sponsored by the San Antonio Section, are shown with 
some of their guests and teachers at the December lst meeting 





into three sections: (1) “‘Introduc- 
tion to Metallurgy”; (2) “‘Intro- 
duction to the Heat Treatment of 
Metals’’ (to be used at the April 
2nd: meeting); (3) “Welding and 
Metallurgy,’ as the subject when 
he again returns for the May 3rd 
meeting. 

“Introduction to Metallurgy”’ was 
a very informative subject, explain- 
ing the chemical changes of steel. 
It was particularly interesting to 
note the changes in the arrangement 
of atoms and the grain structure of 
steel with the application of various 


degrees of heat; also, the charges 
used to arrive at different hardnesses 
of material and diverse alloys. 


Wisconsin 


ELECTRODE CLASSIFICATION 


Appleton.—-Sixty-five members 
and guests of the Fox Valley Section 
met at the Appleton Elks Club on 
November 7th to hear an excellent 
talk on “Electrodes and Their 
Classification” given by R. C. 
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Steveling, supervisor of electrode 
development at A. O. Smith Corp. 
in Milwaukee. 

Mr. Steveling gave a history of 
electrodes. Starting with the basic 
types, he traced the progress to 
our present day, explaining the 
numbering system, classification, 
uses, etc. 

An added attraction was the 
showing of a film ‘“‘Nothing But 
the Best,’”’ made available through 
the courtesy of Air Reduction Sales 
Co. 


WELDING OF ALUMINUM 


Edgerton.—-A_ very successful 
meeting of the Madison Section was 
held on November 13th at the 
Carleton Hotel with 64 persons 
present. 

One of the highlights of the meet- 
ing was the presence of five of the 
past chairmen as follows: Walter 
Griskavich, Badger Welding Sup- 
ply; Howard Adkins, Kaiser Alu- 
minum and Chemical Sales; Fred 
Theiler, Madison Vocational School; 
Raymond Knudtson, Krueger 
Fabricating Co.; and Carl Seitz, 
Welders Supply. 

Mr. Adkins was the principal 
speaker of the evening. He spoke 
on the new developments in the 
welding of aluminum and aluminum 
alloys. He covered the preparation 
for welding, welding processes, con- 
trol of porosity in aluminum weld- 
ing and recommended techniques. 
His talk was supplemented with a 
12-min color movie and slides. 


MANUFACTURING EQUIPMENT 


Madison.—A meeting of the 
Madison Section was held on De- 
cember 10th at the Eagles Club. 
Dinner was served at 6:30 P.M. for 
the executive committee and the 
guest speaker. 

The regular business meeting got 
under way shortly after 8:00 P.M., 
and was immediately followed by 
the presentation of the evening’s 
topic. 
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ELECTRODES DISCUSSED BY STEVELING Guest speaker was John Mikulak 
of the Worthington Corp., Harrison, 
N. J. With supplementary slides, 
Mr. Mikulak made an excellent 
presentation of the topic ‘“Tech- 
niques and Equipment for Manufac- 
turing Welded Products.” Of most 
interest was the cost comparison of 
weld deposits made by various 
welding processes available. 

The meeting was followed by a 
coffee-sandwich-cake period. 





RESISTANCE-WELDING 
CONTROLS 
Milwaukee.— The Milwaukee 
R. C. Steveling addressed the Fox Valley Section on electrodes at the November 7th Section had a very enjoyable meet- 
meeting. Leftto right are: Robert Hall, Mr. Steveling, E. A. Steid!l and John Wiegand ing on December 12th at the Am- 


bassador Hotel. 

Coffee speaker was Norman N. 
Gill, director of research of the 
Metropolitan Research Bureau of 
Milwaukee, who talked on _ the 

metropolitan problems of Milwau- 
ADKINS SPEAKS BEFORE MADISON SECTION ice eal Ua aeieadin 

Technical speaker was Stuart 
Rockafellow of the Robotron Corp. 
His talk covered the application 
and use of resistance-welding con- 
trols; also, the advancement and 
perfection of equipment in recent 
years. 
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Howard Adkins at the December 12th meeting. Left to right are: W. Griskavich, Mr. 
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Norman N. Gill was the coffee speaker Stuart Rockefellow, left, technical | Markers and Pipe Flange Aligners. 
at the December 12th meeting of the speaker of the evening, discussed the | 
Milwaukee Section, covering some of the application and use of resistance-welding 10) 4 = CENTERING HEAD 
problems facing the city controls. Section Chairman Robert | 
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New Members 





BATON ROUGE 


Cunningham, L. C. (B 
Elliman, O. N., Jr. (B 
Jackson, James H. (B 
Nagel, James C., Jr. (C 
O'Neil, Floyd B. (B 
Sherburne, Joseph Y. (B 


BOSTON 


Perrotta, Paul (B 
Rios, P. Agustin (D 
Wilder, Gilman B. (B 
Young, John B., Jr. (B 
Young, Philip E. (B 


BRIDGEPORT 

Bova, Anthony F. (B 
Smith, W. Mason (C 
CANADA 


Knight, A. R. (C 
Mudge, A. E. (B 
Samson, Simon (B 
Smith, Gustav (B 
CHICAGO 


Bateson, N. E. (A 

Berwanger, Ray (B 
Klecka, Robert (C 
Kolnik, Paul J. (B 

MeGrath, J. L. (C 

CLEVELAND 


King, M. Burr (B 
Novak, Henry (B 
Parsons, David M. (B 
Simmons, Clover B. (B) 


COLUMBUS 
Bishel, Robert Anthony (D 


DAYTON 

Ehrstine, G. L. (D 
DETROIT 

Hill, John M. (B 
FOX VALLEY 


Benzel, Arthur (B 

Braun, Cyril (B 

Fisher, Harry (B 
Manowske, Karl P. (B) 
Manowske, Stanley W. (B 


HARTFORD 


Gorman, James F. (C 
Zaino, A. J. (B 


HOUSTON 


Chance, M. R. (B) 
Myers, Douglas W. (C) 
Roscher, C. F. (B) 
Steiner, Wilbur C. (C) 
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Stinson, Jim B. (C) 
Wood, Henry E. (C) 


INDIANA 

Schultz, Charles J. (B) 
1OWA 

Row, George R. (B) 
KANSAS CITY 


Cartwright, Robert E. (B 
Findley, Charles A. (C) 





Habenicht, Frank A., Jr. (C 


LEHIGH VALLEY 
Heimberger, George F. (C 
LONG BEACH 

Asch, Earl R. (C 

LONG ISLAND 


Kalkbrenner, Fred (C 
Rynd, Donald Brooks (C) 


LOS ANGELES 


Barwick, Robert C. (B) 
Buchholz, Reuben W. (B 
Butler, Carl J. (C) 
Darling, Lawrence M. (C 
Froehlich, Robert (D) 
Hickman, Samuel E. (B) 
Hughes, James B. III (C 
Kenniston, Fred R. (C) 
Lawson, T. G. (D) 

Lloyd, Tom (C) 

Maas, L. R. (C) 

Martin, Gerald L. (C) 
Newton, David Graham (B 
Rogers, Robert (D) 
Stewart, Harry B. (C) 
Van der Velde, Charles (C 


LOUISVILLE 

Spencer, Roy W. (C) 
MADISON 

Graves, Robert W., Jr. (B) 
MARYLAND 


Earlbeck, Thomas A. (C) 
MOHAWK VALLEY 
Emhof, Ernest C. (B) 


NEW JERSEY 
Avila, Arthur J. (B) 


Felmley, Charles R., Jr. (C) 


Moon, Walter W. (C) 
Steck, Paul G. (B) 

Von Mandach, Franz (B 
NEW ORLEANS 

Heck, Robert E. (C) 


C—-Associate Member 
E——Honorary Member 





NEW YORK 

Cerda, Joseph John (C 
Zitzmann, Clark P. (B 
NIAGARA FRONTIER 
Boberg, John D. (C) 
Bonderoff, Peter (B) 
Collins, Frank (B) 
NORTH TEXAS 

Bland, Jim (C) 
Salmons, Fred W. (B) 
Smith, Paul E. (B) 
NORTHERN NEW YORK 
Iffland, George H., Jr. (D 


NORTHWEST 

Graham, Clifton P. (C 
Hess, Larry (B) 

Kaufman, John F. (C) 
Petersen, Ralph William (C 
NORTHWESTERN 
PENNSYLVANIA 


Carlson, James (D 
Muffie, Earl M., Sr. (B 


OLEAN-BRADFORD 


Nichols, Milton (D) 
Schnell, Mark A. (D) 
Sekoll, Carlton (D) 


PEORIA 

Spencer, T. H. (C) 
PHILADELPHIA 
Gluck, Oscar (C) 
Sacco, Edward (C 
PITTSBURGH 


Knott, Edward G., Jr. (C) 
Neudorfer, David H. (B) 
Platz, S. E. (B) 
Stillwagon, Ross (C) 
Yates, Robert L. (B) 
Young, Ned W. (C) 


PORTLAND 


Deines, Frank V. (B) 
Hanson, John M. (B) 
Thomas, N. L. (B) 


EFFECTIVF DECEMBER 1, 
MEMBERSHIP CLASSIFICATION 


A Sustaining Member 


Sustaining Members..... 
Members....... estate 
Associate Members...... 
Student Members....... 
Honorary Members...... 
Life Members........... 


1958 


B--Member 
D—-Student Member 
F—Life Member 


TOTAL NATIONAL MEMBERSHIP 
Sapa bachee ah Sra e cesns 197 


5,970 
5,656 


dkaddcee chase aeeaee me 213 


12,061 


Support Your Society—Be Active! 


PROVIDENCE 


Galvin, Thomas J. (B 


PUGET SOUND 
Dower, William C. (B 


SAGINAW VALLEY 


La Pointe, Arley (C 


ST. LOUIS 


Westerson, Clarence G. (B 


SAN FRANCISCO 


Burnsed, Sam (B 

Pane, Henry Edwin (B 
Pointer, Ezra W. (B 
Summers, Alvin G. (B 
Wolovich, Edward A. (C 
SANTA CLARA VALLEY 


Biafore, Joseph (C 

Cook, Edward P. (B 
Ermert, Herbert (C 
Holbert, Gerald J. (B 
Luzovich, Albert (B 
STARK CENTRAL 

Shutt, Kenneth (C 
Wagner, Ralph G., Jr. (B 
SUSQUEHANNA VALLEY 
Seitzer, W. Robert (B 


TULSA 

Hockett, Robert M. (C 
Lewis, James C. (C 

Paxson, Frank M. (B 
WASHINGTON, D. C. 
Daniels, Donald B. (C 
MeMillan, Robert David (C 
WORCESTER 


Dumas, Russell C. (B 


YORK-CENTRAL PA. 


Craver, William D., Jr. (B 
Hetherington, Roy, Jr. (C 
Paules, Robert H. (C) 














MEMBERS NOT IN SECTIONS 


Beniamini, Jerahmiel (B 
Mark, Linton (B 
Talton, G. M. (A 


Members Reclassified 
During the month of December 


MILWAUKEE 
Komassa, Norman J. (C to B) 
NEW JERSEY 
Hamilton, J. Kenneth, (C to 


B) 
NIAGARA FRONTIER 
Kinzley, Richard B. 
NORTHERN NEW YORK 
CtoA 


D to C 


Potter, Everett F. 
PHILADELPHIA 


English, Lawrence P. (B to A 
Moore, Thomas J. (D to C 
Norcross, James E. (C to B 


PUGET SOUND 


Bryan, James A., Jr. (C to B 
SYRACUSE 
Hill, Robert L. (C to B 


EMPLOYMENT 
SERVICE 


BULLETIN 


Services Available 





A-714. Welding and Manufactur- 
ing Engineer. M.S. degree, age 35, 
family. Strong background in heavy 


metal fabrication, including nuclear 
power equipment. Experienced in all 
types of welding processes, develop- 
ment of manufacturing methods, qual- 
ity control, ferrous and nonferrous 
metallurgy. Prepared specifications 
and advised design engineering per- 
sonnel. Desires super- 
visory position. 


Position Vacant 


V-368. Assistant Production Super 
intendent. Preferably a graduate 
mechanical or welding engineer with 5 
10 years welding fabrication shop ex 
perience in miscellaneous heavy steel, 
aluminum and stainless steel weld- 
ments. Experience in modern tech- 
niques and _ applications desired. 
Ability to organize and operate efficient 
shop very important. A large grow- 
ing company offering an excellent fu- 
ture. Located in the middle west. 


responsible 
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New Hi-Impact Plastic Insulated 


Panel Receptacles and Mating Plugs 





Mount directly 

\ on any 
Electrical 
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Now, you can make fast, positive power connections to any 


metal panel or housing without special insulating materials. 






Simply punch outa hole and insert a Cam-Lok self-insulated 






Receptacle! Uses standard electrical lock-nuts, affords 






‘“‘dead-front’”’ protection. Push in and twist Cam-Lok 






mating Plug and you’ve made a locked connection, which 






can be released quickly. 






New Cam-Lok Receptacles eliminate costs of special 
insulating panels and reduce assembly time. Patented, 






high-pressure contact assures minimum resistance and 






heating. 






Cam-Lok has a complete line of Receptacles and Plugs in 





many sizes and designs. Standard and special purpose 






Power Distribution Connections are available. Write today 
for new Bulletin No. 301. 







“Dead Front” design for fast 





direct mounting on... 







© ELECTRICAL DISTRIBUTION PANELS ¢° SWITCHGEAR 
¢ BUS DUCT «© JUNCTION BOXES 
© WIREWAY or any electrical cubicle 









A Complete Line of Welding Accessories and 


Special Power Distribution Connections 







EMPIRE PRODUCTS, INC, 
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CINCINNATI 36, OHIO 









eaqnmnclelx 


DIVISION 






For details, circle No. 29 on Reader Information Card 


WELDING JOURNAL | 167 










Linde President Predicts Boom 
in West Coast Oxygen 


The western states are leading 
the nation in the growth of the use 
of oxygen in steelmaking, according 
to Linde president, William M. 
Haile. During his recent inspec- 
tion tour of the west he also ob- 
served that the rate of increase in 
the utilization of oxygen in steel 
production in this area is almost 
twice as great as in the rest of the 
country. Mr. Haile predicted that 
the use of oxygen in steelmaking in 
the western states will double within 
the next five years. 

In anticipation of this industrial 
growth, Linde Co. has just com- 
pleted an addition to its Fontana, 
Calif. oxygen plant to keep pace 
with the doubling of Kaiser Steel’s 
steelmaking capacity at its instal- 
lation, also in Fontana. 

Mr. Haile also pointed out that 
Linde’s erection of a liquid oxygen 
and nitrogen plant in Pittsburg, 
Calif., was designed to meet similar 
requirements of the aircraft and 
missile industries. 


J. F. Lincoln Addresses 
Canadian Group 


James F. Lincoln, Chairman of 
the Board of the Lincoln Electric 
Co., Cleveland, Ohio, was the fea- 
tured speaker at the meeting of the 
Toronto Chapter of the Canadian 
Welding Society on Monday, De- 
cember Ist at Oakville, Ontario. 

Mr. Lincoln spoke at length on 
the future and today’s trends in 
welding. He made comparisons be- 
tween the various joining methods 
in use over the years and showed 
now technological advances had 
outmoded many of them in favor 
of welding. He made an appeal for 
realistic codes and standards. ‘Let 
us not hamper our own industry,” 
he said, “‘ by making our welding 
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codes and standards unduly restric- 
tive. Instead, let us liberalize and 
simplify, wherever possible, within 
the standards of good engineering 
practice.” 


National Academy of Sciences 
to Study Programs 


Appointment by the National 
Academy of Sciences of a special 
committee of scientists and research 
administrators to study the scien- 
tific programs of the U. S. Depart- 
ment of Commerce, and to recom- 
mend new steps to gear them to the 
rapidly changing needs of science 
and industry, has been announced 
by Lewis L. Strauss, Secretary of 
Commerce, and Dr. Detlev W. 
Bronk, President of the National 
Academy of Sciences— National Re- 
search Council. Dr. Mervin J. 
Kelly, President of Bell Telephone 
Laboratories, will head the com- 
mittee. 

Other members of the committee 
are Prof. Horace R. Byers, Univer- 
sity of Chicago; Dr. H. A. Leedy, 
Armour Research Foundation; Dr. 
C. Guy Suits, General Electric Co. 
Research Laboratories; Prof. Abel 
Wolman, The Johns Hopkins Uni- 
versity; Dr. Augustus’ Kinzel, 
Union Carbide Corp.; Dr. Michael 
Ference, Jr., Ford Motor Co.; 
and Frank W. Herring, New York 
Port Authority. John C. Green, 
Director: of Commerce’s Office of 
Technical Services, has been named 
Executive Secretary. 

Secretary Strauss and Dr. Bronk 
stated that the committee will study 
the requirements of science and in- 
dustry for services of the type the 
Department of Commerce can pro- 
vide, new or improved means of 
meeting these requirements, and 
assured methods of relating the De- 
partment’s programs to the im- 
proving techniques afforded by sci- 
entific and technological progress. 





COMING 
EVENTS 


A Calendar of Welding Activity 
NNN MEE 
AWS National Meetings 


40th Annual Meeting: 
April 6-10, 1959. Hotel Sherman, 
Chicago, III. 


Seventh Welding Show: 

April 7-9, 1959. International 
Amphitheatre, Chicago, III. 

1959 National Fall Meeting: 
September 28-October 1. Shera- 
ton Cadillac Hotel, Detroit, Mich. 
4ist Annual Meeting and Eighth 
Welding Show: 

April 25-29, 1960. Biltmore Ho- 
tel, Los Angeles, Calif. 


NEMA 
March 12, 1959. Arc Welding 
Section Quarterly Meeting, Pitts- 
burgh, Pa. 

IAA 


March 9-11, 1959. Annual Meet- 
ing. Roosevelt Hotel, New Or- 
leans, La. 





Western Metals Exposition 
March 16-20, 1959. Pan-Pacific 
Auditorium and Ambassador 
Hotel, Los Angeles, Calif. 


Fifth Nuclear Congress 


April 5-10, 1959. Public Audi- 
torium, Cleveland, Ohio. 


NWSA 


May 4-7, 1959. Annual Meeting. 
Fairmount Hotel, San Francisco, 
Calif. 





The committee will spend several 
months reviewing the operations of 
these agencies. The committee 
plans to submit a report to the 
Secretary of Commerce about June 
Ist. 


Discovery in Resistance Welding 
for British Atomic Group 


Various industrial applications 
such as the raising of projections on 
tubes or flat surfaces to form heat 
exchangers are now possible as a 
result of a recent British discovery. 
Unveiled at a meeting of the British 
Welding Research Association near 
Cambridge, England, the new dis- 
covery evolved from work done for 
the United Kingdom Atomic Energy 
Authority. The new process will 
provide projections suitable for pro- 
jection welding made by resistance 
casting on metal too thick to be 
raised by pressing. 


Chemetron Completes 
Cardox Acquisition 


Chemetron Corp. has completed 
its acquisition of Cardox Corpora- 
tion’s carbon dioxide division, chlo- 
rine dioxide division and fire equip- 
ment division. 
the major U. S. marketers of car- 
bon dioxide products and is the 
world’s largest producer of low- 
pressure carbon dioxide fire-fighting 
systems. 

Charles J. Haines, president, said 


the carbon dioxide activities of 


Chemetron’s National Cylinder Gas 
Division would be combined with 
the acquisition to form a new di- 


vision called the Cardox Division of 


Chemetron, which will be headed 
by Roy T. Omundson, former Car- 
dox president. 

It was jointly announced on 
November 14 that Chemetron had 
entered into an agreement to ob- 
tain assets of the three Cardox di- 
visions, plus Cardox’s interests in 
the subsidiary Dean-Cardox, Witt 
Ice, and General Carbonic com- 
panies, in exchange for 165,000 
shares of Chemetron common stock 
and $2,000,000 in cash. Final docu- 
ments have now been exchanged. 


Brazed Honeycomb Panel 


This unretouched thermograph of 
brazed _ stainless-steel honeycomb 
panel clearly reveals underlying core 
structure. Experimental work by 
the Martin Co.’s Baltimore Di- 
vision Materials Engineering indi- 
cates that temperature patterns of 
this sort may open up an easy, ac- 
curate way to detect flaws hidden 


Cardox is one of 


beneath the skin of composite 
panels. Martin is studying the tech- 
nique for possible use in continuous 
inspection or quality control work. 
Flow visualization techniques, 
which produce the thermograph, 
were developed by Dr. Samuel 
Katzoff at Langley Air Force Base 
to show the effect of air flowing over 
aerodynamic wind tunnel models. 
The top surface of the specimen is 


coated with an oil film and infrared 
heat is applied underneath. The 
heat traveling upward along the 
most conductive path displaces the 
surface film in a pattern that reflects 
the arrangement of the conductive 
material. 

Applied to composite panels, the 
heat is conducted by the honey- 
comb core so that the temperature 
pattern which appears on the top 
skin is a picture of the honeycomb 
core where it is joined to the skin. 

Thermographs clearly show ir- 
regularities in cell patterns, excess 
agglomeration of brazing material 
at junctions and the intimacy of the 
core-to-skin contact. They provide 
an instantaneous, extended cover- 
age picture that can be interpreted 
visually or photographed. Present 
external inspection methods, not- 
ably the sonometer and stubmeter, 
indicate the soundness of a bonded 
structure only locally and indirectly. 


Coyne Cylinder Builds 
in San Francisco 


A new home for Coyne Cylinder 
Co., located in the South San 
Francisco - Lindenville Industrial 
Park section, provides a modern 
44,000-sq ft building to house com- 
plete acetylene cylinder manufactur- 
ing facilities, including experimental 
and quality control laboratories, 
kilns, compressors, lathes, auto- 
matic welding equipment and spe- 
cial design machinery. 

The enlarged facilities will re- 
portedly enable the Coyne Co. to 
step up its production of the ‘‘92” 
acetylene cylinder shells and fillers 
recently developed by the com- 
pany. 


PLAST-IRON 


GRADE B-171 


POWDER 


ize) 
MILD STEEL, LOW 
HYDROGEN AND 
HARD-FACING 


ELECTRODES 


© IMPROVED QUALITY 
© HIGHER DEPOSITION RATE 
© FASTER OPERATION 


Send for Technical Data 
and Working Sample 


PLASTIC 
METALS 


Division 


National-U.S. 
Radiator Corporation 


JOHNSTOWN, PA. 


Fer details, circle No. 31 on Reader information Card 


WELDING JOURNAL | 169 








Ultrasonic Group Elects 
Officers and Board Members 


At a meeting of the Ultrasonic 
Manufacturers Association on Octo- 
ber 29th in Cleveland, a new slate of 
officers was named by the seven-man 
board of directors. Jack T. Welch 
was re-elected to a second term as 
president, while Norman G. Bran- 
son, Robert L. Rod and Stanley E. 
Jacke were named to the respective 
posts of vice president, secretary 
and treasurer. Messrs. Branson 
and Jacke were also elected to the 
board of directors, as were Harvey 
B. Foulkes and Jack T. Weich. 
Completing the second year of their 
two-year terms on the board are 
Samuel Bagno, W. C. Potthoff and 
Robert L. Rod. 


Lukens Increases Rolling Capacity 


The second of three major phases 
of Lukens Steel Co.’s current $33 
million expansion program is 
nearing completion. The company 
has begun charging and pouring 
heats in its new electric steel-making 
furnace. 

Once in commercial production 
and integrated with other facilities, 
the new furnace will increase Lu- 
kens’ rated ingot capacity by 24%, 
from 750,000 to 930,000 tons an- 
nually. The furnace melts 100 tons 
of steel in each heating cycle. 

The first major phase of the ex- 
pansion program, nine massive soak- 
ing pits, was completed last July. 
The remaining major phase, a new 
140-in. rolling mill and added soak- 
ing pits, is scheduled for completion 
early in the spring of 1959. These 
will reportedly expand Lukens’ 
plate-rolling capacity by 40%. 


TRAINING SCHOOL GRADUATES 





The October 1958 graduating class from the All-state Institute of Advanced Training 
poses with their instructor, Jack Donnelley, and General Sales Manager Lee Wade AW 


both from All-State Welding Alloys Co., Inc. 
cates of proficiency in all types of welding, brazing and soldering. 


The graduates were awarded certifi- 
Shown (left to right) 


are Mr. Wade, David Breslow (W3, Robert Renshaw, Mr. Donnelley, Don Green, 


Barney Waite and John Knoll. 





Westinghouse 
Reports Good Quarter 


Net income of the Westinghouse 
Electric Corp. in the third quarter, 
after provision for taxes, was the 
best since 1950 and was 11.5% 
higher than income in the second 
quarter of this year. 

Although net sales billed in the 
third quarter declined 6.8% from 
the third quarter of last year, net 
income rose three percent, according 
to Gwilym A. Price, chairman of the 
board. For the first nine months of 
this year, net income declined two- 
tenths of one percent from the earn- 
ings in the first nine months of last 
year on a 6.3% decrease in sales 
billed. In both 1957 periods sales 
billed were a record for the company. 

The net income in the third quar- 
ter of this year was $19,038,000, 





EXECUTIVES AND DISTRIBUTORS CONFER 








Linde President William M. Haile (extreme left) talks things over with a group of the 


firm's West Coast personnel and their distributors. 


Shown (left to right) are Mr. Haile, 


E. P. Miller, Norman Parker, E. V. Lutz, R. C. Barrett, Lee Reay, G. M. Sims, |. G. Kepner, 


H. E. Chapman and Sidney Wade 
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equal to $1.09 on the 17,070,543 
common shares outstanding, com- 
pared with $18,487,000, equal to 
$1.07 on the 16,840,988 common 
shares outstanding in the third 
quarter last year. Net sales billed 
for the period this year were $460,- 
538,000 and for last year, $494,334,- 
000. 


M & T Declares Dividends 


Directors of Metal & Thermit 
Corp. have declared a quarterly div- 
idend of 10 cents per share on the 
common stock, it was announced 
by H. E. Martin, president. 

The dividend was payable Dec. 15, 
1958. 

The directors also declared the 
regular quarterly dividend of 87 
cents per share on the preferred 
stock, payable Dec. 29, 1958, to 
shareholders of record Dec. 19, 
1958. 


NCG Appoints New Dealers 


Appointment of new dealers for 
distribution of NCG industrial and 
medical gases, welding and cutting 
equipment and inhalation therapy 
apparatus at locations in Ohio, 
Michigan and Indiana was an- 
nounced by the National Cylinder 
Gas Division of Chemetron Corp., 
Chicago. 

The new dealers include the Avon 
National Oxygen Co., 1611 W. 
Main St., Springfield, Ohio; the 
Avon Oxygen and Supply Co., 334 
N. Pine St., Lima, Ohio; M. and 
I. Supply Co., 1770 Sixth St., Mus- 
kegon, Mich., and Hughes Auto 
Supply, South Main St., Salem. Ind. 





MISS WELDER OF 1959 


Greta Thyssen, formerly Miss Denmark, 
has been named Miss Welder of 1959 by 
the National Eutectic Welders’ Clubs. 
Miss Thyssen was chosen by the Eutectic 
club members as ‘‘the girl we'd most like 
to weld with’’ 





Distributors Attend 
Linde Training Session 


Thirty-three sales representatives 
throughout Linde Co.’s northern 
California network of eleven distri- 
butors attended a recent two-day 
training session in San Francisco. 
G. H. Meyer, manager of Linde’s 
San Francisco District, stressed the 
need for continuing teamwork be- 
tween the parent company and its 
distributors. Moderator for the dis- 
cussions, D. H. Thorpe of Linde, 
supervised discussions on the sales 
features of welding apparatus, indus- 
trial gas production and distribu- 
tion, fundamentals of basic welding 
processes and “‘tips’’ on successful 
selling techniques. 


Safety Practices 


Safety practices for newly de- 
veloped equipment and processes 
in the rapidly expanding welding 


industry were studied by a group of 


safety engineers of the California 
Division of Industrial Safety at a 
special all-day seminar sponsored 
by Linde Co., Division of Union 
Carbide Corp., on Monday, Decem- 
ber Ist in San Francisco. 

Ed Brubaker, senior engineer of 
the Industrial Safety Division, and 
10 field engineers attended the ses- 
sions. 

The seminar was conducted by 
Lee Reay M3, Linde Pacific Region 
merchandising specialist, and C. R. 
Strock M5, assistant manager of 
electric welding. 

They discussed current safety 
practices in the manufacture, trans- 
port and use of industrial gases such 
as oxygen, nitrogen and argon in 
both liquid and gaseous form. 
Proper use of welding and cutting 
apparatus also was demonstrated 
and requirements for protective 
clothing, ventilation and eye pro- 
tection were outlined during the 
program. 


Atomic-Reactor Housing 
Shown on Film 


A 16-mm sound film tracing the 
evolution of a 190-ft diam steel 
sphere, built to house an atomic 
reactor, has been produced in color 
by Chicago Bridge & Iron Co., 
Chicago. 

The giant Hortonsphere was de- 
signed, fabricated and erected by 
CB&I for Commonwealth Edison 
Co.’s Dresden Nuclear Power Sta- 
tion, which is now nearing comple- 
tion. 

Interested organizations may ar- 
range for a showing of the 25-min 
film by writing to Chicago Bridge & 
Iron Co., Public Relations Depart- 
ment, 332 S. Michigan Ave., Chi- 
cago 4, Ill. 


Ampco Appoints 
Illinois Distributor 


Ampco Metal, Inc., 1745 S. 38th 
St., Milwaukee 46, Wis., has named 
the A. E. Dailey Co., 1507 16th 
Ave., Moline, Ill., a stocking distri- 
butor of the complete line of Ampco 
bronze “‘Weldrod”’ products. 








CAYUGA MACHINE ENLARGES 
FACILITIES 


This new building in Depew, N. Y., which 
houses sales, engineering and general 
business offices of Cayuga Machine and 
Fabricating Co., is expected to triple 
present production facilities, according 
to Byrns E. Long (AWS), president. The 
improvement in manufacturing and ship- 
ping facilities was designed to further 
production of the firm's lines of standard 
and custom automation machinery 
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Claussen Appointed by Arcrods 


Announcement has been made 
by W. E. Brainard, president of 
Arcrods Corp., Sparrows Point, 
Md., of the appointment of 
Gerard E. Claussen Wi as Director 
of Research and Welding Engineer- 
ing for the company. 

Prior to assuming his present posi- 
tion with Arcrods, Dr. Claussen was 
in charge of the Fundamental Re- 
search Committee of the Welding 
Research Council from 1935 to 1941, 
and later served as a metallurgist 
for the Machlett Laboratories, 
Springdale, Conn., the Reid-Avery 
Co., Baltimore, and the Union Car- 
bide and Carbon Corp. 

A graduate of the Polytechnic 
Institute of Brooklyn, the Massa- 
chusetts Institute of Technology 
and the University of Sheffield, 
England, Dr. Claussen is currently 
serving as chairman of the AWS 
Committee on Awards and is a 
member of the Committees on 
Documentation and Terminology 
of the International Institute of 
Welding. He is co-author of the 
book, ‘Welding Metallurgy,”’ and 
was the Adams Lecturer of the 
AMERICAN WELDING SOCIETY in 
1948. 


Gerard E. Claussen 


1722 | FEBRUARY 1959 


Painter Named to P&H 
Export Post 


John Painter WS, New York 
district manager for the Harnisch- 
feger Corp., is now also in charge of 
New York export sales of welder 
equipment for the company. Mr. 
Painter has been engaged in the 
domestic sales of P&H welding 
equipment for the past nine years. 

In another move by the Mil- 
waukee manufacturer Ed Schwahl 
QW3 has been appointed regional 
representative in Utah, Colorado, 
Arizona and New Mexico. Mr. 
Schwahl’s background covers many 
years in the application and sales 
of welding equipment in the Los 
Angeles area. 


Wiley to Head New Department 
at California Poly 


Richard C. Wiley M5, has been 
appointed head of the newly created 
Welding and Metallurgical Engineer- 
ing Department at California State 
Polytechnic College in San Luis 
Obispo, Calif. Formerly chairman 
of Cal Poly’s Welding Department, 
Prof. Wiley had previously been 
senior welding engineer at the 
Joshua Hendy Iron Works and had 
also been employed as welding en- 
gineer or consultant by the Bechtel 
Corp., Linde Co. and X-Ray En- 
gineering Co. 

The new department at Cal Poly 
has been organized to offer the 
bachelor of science degree in metal- 
lurgical engineering, an accreditation 
recently approved for the west 
coast school by the California 
State Board of Education. The 
first two years of the new curriculum 
will be offered in the fall of 1959. 
Third and fourth years will be added 
in 1960 and 1961, respectively. 

Professor Wiley is a member of 
ASME and ASM. Within the Edu- 
cational Activities Committee of 
AWS, he is chairman of the Sub- 
committee on Student Member- 
ship. 
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Maier Assumes Post at the 
University of Massachusetts 


Oscar C. Maier WS, former direc- 
tor of research and development for 
the Pullman-Standard Car Mfg. Co. 
in Chicago, has been named asso- 
ciate dean of the School of Engineer- 
ing at the University of Massachu- 
setts. The engineering school has 
an enrollment of 878 and grants de- 
grees in chemical, civil, mechanical 
and electrical engineering. 

Graduated from West Point in 
1925, Mr. Maier later obtained 
masters’ degrees from Yale and Cal 
Tech in electrical engineering and 
meteorology, respectively. 

Mr. Maier’s research career be- 
gan in 1940 when he directed the 
Signal Corps’ Eatontown Labora- 
tory. From 1944 to 1945 he was 
assistant chief, research and de- 
velopment, Washington, D. C., 
while in 1945 and 1946 he was com- 
manding officer of the Watson Lab- 
oratory and Cambridge Field Sta- 
tion. 

At Wright-Patterson Air Force 
Base in 1946 and 1947, he was chief 
of electronic plans, electronic sub- 
division of headquarters, Air Mate- 
riel Command, later serving as chief 
of engineering plans of the base’s 
engineering division. 

A former colonel in the U. S. 
Army, Mr. Maier, in addition to his 
membership in ASME and ASM, 
belongs to the American Association 
for the Advancement of Sciences 
and is a past president of the Na- 
tional Conference of Research Ad- 
ministrators. He is also a member 
of the Advisory Board of the Re- 
search Division of NYU’s College 
of Engineering. 


Earlbeck & Landrum Add to Staff 


Tom Earlbeck has joined the 
staff of Earlbeck & Landrum, Inc., 


Tom Earlbeck 





a welding supply house in Balti- 
more, according to an announce- 
ment released by his father, and 
president of the firm, Al Earlbeck. 

Young Mr. Earlbeck’s job as 
welding technician trainee _ in- 
cludes training in sales, rental and 
repair functions of the business. 
He is a recent graduate of the 
Lincoln Electric Co.’s Welding 
School at Cleveland, Ohio, in basic 
are welding, sheet metal, alloy and 
pipe welding. While at Lincoln 
Electric, he also attended their 
sales training course for Lincoln 
welding engineers. 


Barnes and Barnett Join 
Wall Colmonoy 


According to an announcement by 
E. J. Lell WS, vice president of Wall 
Colmonoy Corp., two new applica- 
tion engineers have been appointed 
to the staff. E.D. Barnes has been 
assigned to the Houston, Tex. 
office and H. H. Barnett joins the 
firm’s office in Birmingham, Ala. 

Mr. Barnes formerly studied met- 
allurgical engineering at Oklahoma 
State, where he later served as a 
welding instructor. Experienced in 
the petroleum industry, his last post 
was that of welding advisor for 
Hughes Tool Co. in Houston. 

Mr. Barnett’s background in- 
cludes 20 years in the welding in- 
dustry with both light and heavy 
equipment. A former welding in- 
structor at City School in Birming- 
ham, he was associated with Ten- 
nessee Coal and Iron and Railroad 
before joining Wall Colmonoy. 


Mattimore Promoted 
by Tube Turns 


J. D. Mattimore M5, 
director of Tube Turns’ product 
engineering and research depart- 
ment, has been promoted to vice 
president of the same group. 


formerly 


J. D. Mattimore 


Mr. Mattimore joined the firm in 
1942 as assistant director of his 
present department. A graduate of 
Stevens Institute of Technology, he 
had previously spent 12 years in 
development design and as works 
engineer with Walworth Co. A 
member of the AWS Committee on 
Piping and Tubing, Mr. Mattimore 
is also active on several committees 
of the American Standards Associa- 
tion and the Manufacturers Stand- 
ardization Society, including chair- 
manship of the latter society’s 
committee on butt-welding fittings. 
He is a member of API and ASME. 


Broniak Named by Weltronic 


The appointment of Leonard R. 
Broniak 3, as general sales man- 
ager of Weltronic Co. of Detroit, 
Mich., has been announced by Cle- 
tus J. Collom, president of the com- 
pany. Mr. Broniak is Chairman of 
the Promotion Committee of the 
Detroit Section of AWS, and is a 
four-time member of the Executive 
Committee. 

Mr. Broniak has been employed 
by Weltronic Co. since 1951, and 
has served in the capacity of en- 
gineer, sales application engineer; 
and for the last four years, as as- 
sistant general sales manager. He 
holds a B.S. degree in electrical 
engineering from the University of 
Detroit. 

Mr. Broniak will head up the sales 
of electronic resistance-welding con- 
trols, electronic power devices and 
arc welders in all of Weltronic’s 
branch offices. 


Pyromet Enlarges Staff 


Three new staff appointments 
have been made within the brazing 
and heat-treating firm of the Pyro- 
met Co., South San _ Francisco, 
Calif. A. W. Land has been pro- 
moted to brazing and plant en- 
gineer. Also promoted was Arndt 
C. Fortlage to production manager. 
Robert C. Bertossa 3, has been 
named technical director, relin- 
quishing his former duty as senior 
research metallurgist at the Stan- 
ford Research Institute. Prior to 
that, Mr. Bertossa had developed a 
process for bonding sheets of dis- 
similar metals while working for 
Chicago Bridge & Iron Co. 


Kittle Given New 
Assignment at Whirlpool 


J. C. Kittle V9 has been named 
Electronics Development Engineer 
at the Clyde division of the Whirl- 
pool Corp. Mr. Kittle’s many 
years of experience in the field of 
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electronics will be utilized as he 
handles all of the electronic and 
electrical design projects pertinent 
to the manufacturing research func- 
tion of the company’s Manufactur- 
ing Engineering Department. 


Bailey Bridge Inventor 
Elected to BWRA 


The inventor of the famous Bailey 
bridge, Sir Donald Bailey, has been 
elected to the Council of the British 
Welding Research Association. 

A military structure used through- 
out Europe during World War II, 
the Bailey bridge provided many 
avenues for transportation. Origin- 
ally constructed of steel, the bridge 
is assembled from welded panels con- 
nected by pinned joints. Its suc- 
cess is due to the lightness of its 
units, easily portable by a few men. 
Still in use, the Bailey bridge is now 
more often built from lighter metals. 

The new BWRA member is 
Director of Supply’s Military Engi- 
neering Experimental Establish- 
ment at Christchurch, Hants, and 
holds a doctor of engineering degree 
from Sheffield University. 


Morrison Named President 


Morrison Steel Products, Inc., 
Buffalo, N. Y. reorganized its top 
level management on Nov. 1, 1958. 
Isadore Morrison 3 became presi- 
dent, and M. Jacque Kohnstamm 
was appointed executive vice presi- 
dent. Reappointed to their present 
offices were Arthur J. Harsch, vice 
president in charge of engineering; 
Sheldon Weisberg, treasurer; Ed- 
ward Kavinoky, secretary; and 
Anthony W. D’Ambrosia, control- 
ler. 

Mr. Morrison joined the company 
in 1923 beginning as a metal work- 
er’s helper. He became vice presi- 
dent in charge of manufacturing in 
1940. 


Isadore Morrison 
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In 1955 and again this year he 
was presented the National Meri- 
torious Award for outstanding 
service in the AMERICAN WELDING 
SocIeTy. 


Kliment and Suman Awarded 
Gold Medals by ASA 


The American Standards Associa- 
tion recently awarded their highest 
awards in the field of voluntary 
standards to William P. Kliment 
awS and John R. Suman. Both 
gentlemen received gold medals. 

Mr. Kliment is engineer of stand- 
ards at Chicago’s Crane Co. He 
was cited by ASA for his “‘indefati- 
gable efforts and _ outstanding 
achievements in the practical de- 
velopment and application of volun- 
tary standards.”’ Mr. Kliment is a 
member of such groups as ASTM, 
ASME and API. 

Mr. Suman, a retired vice presi- 
dent and a director and member of 
Standard Oil Co. of New Jersey, is an 
honorary director of the American 
Petroleum Institute. 


Rothstein Joins 
Greenwich Engineering 


Samuel Rothstein 5, formerly 
consulting engineer at the Fair- 
child Camera and Instrument Corp. 
in Long Island, New York, recently 
joined the Technical Staff of Green- 
wich Engineering Division of the 
American Machine & Foundry Co. 
as head of its Metallurgical and 
Materials Group. In this capacity, 
he will act as metallurgical con- 
sultant to the laboratory and shop 
personnel. 

Mr. Rothstein received the B.S. 
degree at the College of the City of 
New York in 1940. He also at- 
tended the University of Illinois, 
New York University and Brooklyn 


W. P. Kliment 


Samuel Rothstein 


Polytechnic Institute. 

A member of ASM and ASTM, 
he also belongs to the American 
Electroplaters Society. 


Kepner Promoted by Linde 


I. G. Kepner has been named 
Pacific Coast Region Manager of 
Distributor and Apparatus Sales 
with headquarters in San Francisco 
by Linde Co., Division of Union 
Carbide Corp. 

He had served as Linde’s Mid- 
western Region Manager of Ap- 
paratus Sales since 1956, having 
joined the firm in 1935. 

A native of St. Louis, Mr. Kepner 
majored in advertising at the Uni- 
versity of Missouri. 


Yasko to Direct Sales 
at The Berkeley Company 


Laurence J. Berkeley, president 
and general manager of The Berkeley 
Co., announces the appointment of 
Stephen A. Yasko to the position of 
vice president, director of sales of his 
organization. 

Mr. Yasko is formerly manager of 
sales engineering of the Westing- 
house Electric Corp., Welding Divi- 
sion, Buffalo, N. Y., and has had 


Stephen A. Yasko 





over seventeen years of experience 
in the field of metalworking. 

Mr. Yasko holds a B.S. degree in 
mechanical engineering from New- 
ark College of Engineering. In 
addition, he has done graduate work 
in machine design and metallurgy. 
He will be responsible for all domes- 
tic and foreign sales activities and 
will be based at the headquarters’ 
location in Danville, Ill. 


Hamen Named by Sellstrom 


Robert A. Hamen has just been 
appointed factory sales representa- 
tive for Sellstrom Manufacturing 
Co., Palatine, Ill. He will cover 


Robert A. Hamen 


Michigan, Ohio, western New York 
and Pennsylvania and the north- 
eastern corner of West Virginia, 
and will make his headquarters in 
Pittsburgh. 


Vice Presidents Named 
by Gregory Industries 


Gregory Industries, Inc. has 
elected Leonard C. Barr executive 
vice-president, and has named Rich- 
ard E. McGinnis WS vice president 
sales, George E. Gregory, Jr. finan- 
cial vice president and treasurer, and 
Robert J. Kilmer vice president 
trade relations. 
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Mr. Barr had been sales manager 
of the original Nelson Stud Welding 


firm prior to the organization of 


Gregory Industries, Inc. in 1948. 
A graduate of Oberlin, Mr. McGin- 
nis has risen through the sales ranks, 
his last post being that of field sales 
manager. Mr. Gregory’s educa- 
tional background includes degrees 
from Michigan in engineering and 
from Harvard in business adminis- 
tration. A registered professional 
engineer, he has been controller 
since 1956. 
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OBITUARY 


Wilbur M. Wilson 


Wilbur M. Wilson, Research Pro- 
fessor of Structural Engineering, 
Emeritus, Department of Civil En- 
gineering, University of Illinois, 
died Friday, November 28, 1958, at 
Urbana, Ill. at the age of 77. A 
graduate of lowa State College in 
mechanical engineering in 1900, he 
came to the University of Illinois in 
1913 and served continuously until 
his retirement in 1949. He earned 
his master’s degree from Cornell 
University in 1904 and was awarded 
the honorary degree of Doctor of 
Engineering by lowa State College 
in 1942. 

Professor Wilson’s work has in- 
cluded studies of the application of 
the slope-deflection method to the 
analysis of statically indeterminate 
structures, and experimental studies 
of concrete arches, the bearing value 
of large rollers, static and fatigue 
strength of riveted and welded 
structural joints, and the strength 
of cylindrical shells. He took an 
important part in the development 
of high-strength bolts as a structural 
fastener, mainly as a replacement 
for rivets. 

Professor Wilson specialized in 
the testing of structures and struc- 
tural members as distinguished from 
tests to determine the mechanical 
properties of materials. This in- 
volved the development of labora- 
tory apparatus which would sub- 
ject structural members to the load- 
ing conditions to which they would 
be subjected as a member of a 
structure in service. A former 
member of AWS, Prof. Wilson pre- 
sented the 1949 Adams Lecture. 





Correction 
The obituary appearing on Page 
1240 of the December 1958 issue 
of The Welding Journal in- 
correctly reported Mr. Robert L. 
Browne’s name as Frank L. 
Browne. In addition, his age 
should have read 72, instead of 
74. These errors are sincerely 
regretted. 
The Editors 











WELDING JOURNAL | 175 





rront Waldina 
Irrent Welding 


LITERATURE 


For copies of articles, write directly to 
publications in which they appear. A list of 
addresses is available on request. 


Aircraft Manufacture 

Brazing Honeycomb Sandwich, F. J. 
Filippi. Tool Engr., vol. 41, no. 3 
(Sept. 1958), pp. 98-101. 


Aircraft Propellers 

Hardening of Multiple Propeller Blade 
Raceways, G. G. Johnson. Metal 
Treating, vol. 9, no. 5 (Sept.-Oct. 1958 
pp. 2-3, 67. 

Aluminum Alloys 

Effects of Thermal Upsetting in 5052 
Aluminum Alloy, R. E. Holt, E. C. 
Roberts and J. W. Anderson. Trend 
in Eng. Univ. Washington— Eng. 
Experiment Station), vol. 10, no. 1 
(Jan. 1958), pp. 18-21 

Arc Welding 

Are and Bead Characteristics for Pure 
Aluminum for Range of Wire Feed 
Rates (Self-adjusting Arc) at Constant 
Voltage in Argon, J. C? Needham and 
A. A. Smith. Brit. Elec. & Allied 
Industries Research Assn.—Tech. Re- 
port Z/T112, 1957, 15 pp., 10 suppl. 
plates. 

Arc Welding 

Metal Arc Welding of Aluminum 
Bronze Alloys, M. K. Williams and 
W. I. Pumphrey. Brit. Welding /., 
vol. 5, no. 10 (Oct. 1958), pp. 445-449. 
Arc Welding 

New Developments in Arc Welding 
Processes and Their Application, P. 
Shaw and D. B. Tait. Brit. Welding 
J., vol. 5, no. 10 (Oct. 1958), pp. 454 
464. 

Arc Welding 

Practical Aspects of Automatic Weld- 
ing, J. A. Lucey. Welding & Metal 
Fabrication, vol. 26, no. 10 (Oct. 1958), 
pp. 375-380; no. 11 (Nov.), pp. 397 
402. 

Arc Welding 

Soudage des métaux sous vide, J. A. 
Stohr and J. Briola. Soudage et 
Techniques Connexes, vol. 12, no. 5 
6 (May-June 1958), pp. 165-171; 
see also English translation in Welding 
& Metal Fabrication, vol. 26, no. 10 
(Oct. 1958), pp. 366-370. 


176 | FEBRUARY 1959 


Automation 

Costs Reduced by Integrating Welding 
and Machining, J. H. Brems. Tool 
Engr., vol. 41, no. 2 (Aug. 1958), pp. 
75-79. 

Automobile Manufacture 

Contour Welding with Tape-Con- 
trolled Tracer, G. H. De Groat. 
Am. Mach., vol. 102, no. 21 (Oct. 6, 
1958), pp. 88-89. 


Barges 

Barge Minor Makes 214 Joints a Day, 
M. A. Dudah. Pipe Line Industry, 
vol. 9, no. 1 (July 1958), pp. 26-30. 


Brazing Aluminum 

Dip Brazing of Aluminum Pays with 
Accurate Assemblies, E. G. Slotta. 
Iron Age, vol. 182, no. 13 (Sept. 25, 
1958), pp. 92-93. 

Bridges, Steel 

Carquinez Strait Bridge, L. C. Hollis- 
ter. Pac. Bldr. & Engr., vol. 64, 
no. 6 (June 1958), pp. 86-89. 


Bridges, Steel 

Welding Defects in High-Strength 
Steel Won’t Slow Carquinez. Eng. 
News-Rec., vol. 161, no. 10 (Sept. 4, 
1958), pp. 42-44, 48. 

Dissimilar Metals 

Some Guidance on Welding Dissimilar 
Alloy Steels, M. C.T. Bystram. Brit. 
Welding J., vol. 5, no. 10 (Oct. 1958), 
pp. 475-480. 

Drilling Equipment 

Abrasion Resistant Hard Facing Boosts 
Oil Drilling Parts Life, Productivity, 
P. Richardson. Western Metalworking, 
vol. 16, no. 8 (Aug. 1958), pp. 40-41. 


’ 


Electric Equipment 

Hot Upsetting Produces Stronger 
Joints, D. C. Wherren. Tool Engr., 
vol. 41, no. 3 (Sept. 1958), pp. 115-117. 


Electric Welding 

Sheet-Metal Welding. Sheet Metal In- 
dustries, vol. 35, no. 378 (Oct. 1958), 
pp. 755-763, (discussion) 763-776. 
Flame Hardening 

Flame-Hardening Machine — Plant En- 
gineering Department Designed and 
Built It, R. A. Butler. Plant Eng., 
vol. 12, no. 8 (Aug. 1958), pp. 106-107. 


Jigs and Fixtures 

Designing Jigs and Fixtures for Resist- 
ance-Welding, I. V. Hale. Machy., 
(N. Y.), vol. 65, no. 2 (Oct. 1958), 
pp. 152-154. 


Light Metals 

High Quality Fusion Welding of Alumi- 
num, T. B. Correy. Light Metal Age, 
vol. 16, no. 5-6 (June 1958); 

no. 7-8 (Aug.), pp. 12-14, 

24-26, no. 9-10 (Oct.), pp. 8-13. 
Machine-Tool Manufacture 

Convert Lathe to Flame Harden 
Large Rings, H. F. Krell. Am. Mach., 
vol. 102, no. 21 (Oct. 6, 1958), pp. 94 
95. 

Missiles 

Tool Engineering for Space Age, T. W. 
Black. Tool Engr., vol. 41, No. 3 
(Sept. 1958), pp. 73-82. 


Nuclear Reactors 

Positioners for Automatic Welding of 
Atomic Reactor Housings, W. A. 
Davis. Brit. Welding J., vol. 5, no 
10 (Oct. 1958), pp. 449-453. 
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Weldability of 3'/.% Ni-Cr-Mo Steel, 
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(Sept. 1958), pp. 40-43. 
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Welding Electrodes 
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vol. 5, no. 10 (Oct. 1958), pp. 472-474. 





Inco-Weld “A” Electrode joins high-strength 
low-alloy steel and 304 stainless, in 45 ft by 


12 ft diameter pressure chamber. Fabricated 
by O. G. Kelley and Co., Boston, Mass. 


Inco-Weld “A” joins most dissimilar alloys 
in nuclear applications, too 


The 4 weldors above are all using Inco-Weld* “A” Electrode. 
They’re welding high-strength low-alloy steel and 304 stain- 
less on a 160-ton nuclear components testing chamber. 

Two other popular electrodes failed on test welds for 


this job . . . weld metal cracked from differing thermal ex- 
pansion rates between the dissimilar metals joined. 


Inco-Weld “A” Electrode solved this problem... 
produced X-ray quality weld throughout; with corrosion 
resistance equal to parent metal. 


INCO-WELD “A” ue woe 


_ 


»” INCO WELDING PRODUCTS 


electrodes * wires + fluxes 
For details, circle No. 37 on Reader Information Card 


Better than 97% of all weldable dissimilar alloys can 
be joined with both Inco-Weld “A” Electrode and Inco-Weld 
“A” Wire. You don’t need any special equipment or training 
to get sound, strong, corrosion-resisting welds. 

Useful new booklet “Now You Can Weld Dissimilar 
Alloys Quickly and Easily” includes actual cases of problem 
welds solved; costs reduced; with Inco-Weld “A” Electrode 
and Wire. Registered trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street Keo New York 5,N. Y. 


MIG or TIG-Weld 
dissimilar alloy combinations 
with Inco-Weld “A” Wire. 


You get all the advantages of Inco-Weld 


A” Electrode plus an age-hardenable de- 
posit. Available in spools and cut lengths. 
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2,821,619--ConTINUOUS WELDING OF 

STRIPS AND THE LIKE Wallace C. 

Rudd, Larchmont, N. Y., assignor to 

Magnetic Heating Corp., New 

Rochelle, N. Y., a corporation of 

New York. 

The present patent is on a method of welding 
an edge of an elongated metal strip along a line 
to another metal member. The method includes 
supplying electrical energy to both the strip 
member and the other metal member in advance 
of the weld point of contact therebetween. The 
veld current supplied is of such frequency that 
the lowest impedance path therefor between the 
contacts extends from the contacts to and from 
the weld point along the opposed sides of the 
weld gap as the members are fed into welding 
association with each other Hence resistance 
heating raises the members to substantially 
velding temperatures as they reach the weld 


point 


2.821,663--ELecTRONIC TIMER AND 
Power ReGuLtaror For THREE- 
PHASE SEAM WELDER Joseph J. 
Riley, Warren, and Clayton E. Stam- 
baugh, Girard, Ohio, assignors to 
The Taylor-Winfield Corp., Warren, 
Ohio, a corporation of Ohio 


Abstracts of Current PATENTS 


prepared by Vern L. Oldham 


Printed copies of patents 
may be obtained for 25¢ from the 
Commissioner of Patents, Washington, D. C 


lhe present patent relates to specific electronic 
timer and control circuit means for regulating 
the flow of three-phase current The circuit 
control means include first and second pairs of ig 
nitron valves connected in anti-parallel relation 
in first and second phases of a three-phase power 
source. Other special control means are provided 
in the circuit to regulate the current in the three 
phage electric circuit 


2,822,850--METHOD OF FORMING 

WELDING PROJECTIONS ON A STAND- 

ARD Nut BLANK AND ARTICLE SO 

ForMED Frank L. McLaughlin, 

Farmington, Mich., assignor to Earl 

E. Howe, Chicago, III. 

This new method is for forming a special weld 
ing projection extending axially from corner 
edges of a nut The welding projections are 
solidly connected to the body of the nut and ex 
tend from corners of the nut 


2,822,897--WeELpDED SrrucrurE— Wil- 
liam H. Peterson, Homewood, IIL, 
assignor to Pullman-Standard Car 
Manufacturing Co., Chicago, IIl., a 
corporation of Delaware. 
he patented structure includes a first plate 
subject to tensile stresses and a second plate 
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engaging the first plate and extending generally 
parallel to the direction of the tensile stress. A 
weld connection secures the plates together and 
terminates on the first plate at the end of the 
second plate. An opening is provided in the 
first plate closely adjacent the termination of the 
weld connection in alignment with the centerline 
of the welded bond so that under tensile strength 
the first plate will undergo plastic deformation in- 
stead of brittle fracture immediately adjacent and 
beyond the termination point of the weld 

2,823,295--METHOD OF, AND APPARA- 

TUS FOR, ATTACHING INSERTS TO 

CrrcuLAR Saw TEETH William H. 

Wilcox, Stockton, Calif., assignor to 

California Cedar Products Co., Stock- 

ton, Calif., a corporation of Cali- 

fornia. 

The present patent relates to special welding 
apparatus for resistance welding a separate insert 
to the tooth of a saw, as indicated by the title of 
the patent 


2,823,296-—APPARATUS FOR WELDING 

CONTACTS ONTO A PART - Robert C. 

Clough, Lombard, and Howard A. 

Dvorak, Brookfield, Ill., John S. 

Gellatly, Westfield, N. J., and 

Hubert A. Myers, Los Angeles, 

Calif., assignors to Western Electric 

Co., Inc., New York, N. Y., a cor- 

poration of New York. 

The present patent is for selectively welding 
contact tapes on either side of a metal strip and 
provides welding action on overlapping portions 
of the tape and strip 


2,823,297--MetTaL Srup PROVIDED 
WITH AN OPEN RECESS FOR A FLUX 
AT AN END THEREOF Karl J. 
Aversten, Lidingo, Sweden, assignor 
to Svenska Aktiebolaget Gasaccumu- 
lator, Lidingo (near Stockholm 
Sweden, a corporation of Sweden. 
The above stud includes a main part and an end 
contact part joined to the main part and com 
pletely covering one end face thereof The end 
part has an end face of convex formation and has 
a plurality of open flux receiving recesses therein 
These recesses are not provided at the midportion 
of the convex end face to provide arc-striking area 
for electric arc welding of the stud 


2,823,298--ELectTrRopDE HoLpEerR—Ed- 
mund T. Carrier, Highland Park, 
Mich. 


The patented electrode holder includes a 
handle. with a pair of jaws provided thereon 
Ine of the jaws is on the handle. another of the 
jaws is on one end of a rocker pivoted between the 
ends on the handle and controlled by lever and 
link means provided in the electrode holder 


2,823,331 Arc WELDING APPARA- 
rus Harry J. Bichsel, East Aurora, 
and Alfred J. Baeslack, Buffalo, 
N. Y., assignors to Westinghouse 
Electric Corp., East Pittsburgh, Pa., 
a corporation of Pennsylvania. 

This apparatus is for arc welding work with a 
consumable electrode and it includes a motor for 
driving an electrode, a motor control circuit and a 
braking circuit for the motor The apparatus 
has a starting switch and the apparatus is charac 
terized by the fact that the motor control circuit 
is open in the stand-by condition of the apparatus 
by means responsive to actuation of the starting 
switch to first open the breaking circuit and there- 
after closing the motor contro! circuit when start- 
ing a weld action. These responsive means in- 
clude a member for preventing the closing of the 
motor control circuit through the braking circuit. 


2,824,211 RESISTANCE WELDING 
Howard E. Roberts, Palos Verdes 
Estates, Calif., assignor to Fairchild 
Engine and Airplane Corp., Hagers- 
town, Md., a Corporation of Mary- 
land. 


2,824,212-- RESISTANCE 
METHOD AND APPARATUS 
above patent). 


WELDING 
(Same as 


These patents relate to methods of resistance 
welding a thin walled metal tube to a thicker 


metal plate. The new methods include the steps 
of forming an opening in the plate having a diam 
eter substantially equal to the inner diameter of 
the tube and inserting a nonconductive alignment 
rod in the tube and the opening to support the 
tube and the plate in fixed relation to each other 
with the tube end engaging an annual surface on 
the plate closely surrounding and in contact 
with a surface defining the opening in the plate 
A welding electrode is connected to the plate and a 
second electrode is connected to the tube. High 
density welding current is passed between the 
welding electrodes to soften and fuse the metal at 
the abutment of the tube and the plate which are 
relatively moved together to forge the fused metal 
and bond the metal tube to the plate 


2,824,213--CONSUMABLE - ELECTRODE 
WELDING METHOD AND MECH 
ANISM—Thomas W. Shearer, Jr., 
Auburn Heights, and Arthur F 
Hessler, Detroit, Mich., assignors to 
General Motors Corp., Detroit, 
Mich., a corporation of Delaware. 
This patent relates to an electrode feed and 
guide mechanism for a consumable welding ele< 
trode used in an automatic arc welding process 
The mechanism includes a feeder head and an 
electrode guide with the head having a pair of 
driven intermeshed spur gears positioned in 
spaced relation for receiving the electrode inter 
mediate the gears 
corrugate the electrode and feed it to the guide 
at a controlled rate of speed 


2,824,420--APPARATUS FOR WELDING 

A CHAIN LINK AND THEREAFTER 

TRIMMING THE FLASH FROM THE 

WELpD— Paul Esser, Koln-Raderberg, 

Hans Stutzer, Koln-Bickendorf, and 

Wilhelm Wattler, Koln-Zollstock, 

Germany. 

Esser’s patent, as indicated by the title, relates 
to a special machine for welding of chain links 
each made from a single piece of meta! bent to 
form an open link with its ends initially opposite 
The machine 


These gears, when driven 


to and in proximity to one another 
vill weld these adjacent ends together and there 
after provides a means for trimming the flash from 
the weld in the individual chain links 


2,824,535—-FIxXTURE FOR SUPPORTING 
AND COOLING PARTS DURING BRAz 
ING-—Theodore W. Kalbow, Chicago, 
Ill., and Lester O. Reichelt, St 

Paul, Minn., assignors to Western 

Electric Co., Inc., New York, N. Y 

a corporation of New York. 

This patented fixture is adapted to support and 
cool a composite article during brazing operations 
performed on the components. ‘The fixture in 
cludes a pair of horizontally disposed hollow cool 
ing blocks that are spring urged into engagement 
vith a pair of flat surfaces on the components 
being brazed together. Other special means 
complete the fixture 

~ 
2,824,817 -ARC-WELDING ELEC 

TRODES——Robert C. Shutt, South 

Euclid, Ohio, assignor to the Lincoln 

Electric Co., Cleveland, Ohio, a 

corporation of Ohio. 

The patented coated welding electrode includes 
a metal core having between 30 to 60 
der and 15 to 25% titanium dioxide in the coating 
thereon. ‘The coating contains minor portions of 
other materials. 


iron po 


2,824,818-—-WELDING OF METALS HAvy 

ING Hot-SHoRT CHARACTERISTICS 

Oscar E. Swenson, Annapolis, Md. 

Swenson’s patent is for arc welding metals to 
gether that have the characteristic of being more 
brittle at arc welding temperatures than at nor 
mal room temperatures. In the method, first 
the edges of the metal to be welded are peened over 
in the metal sufficient to compensate for tensile 
stresses developed during the heat to welding 
temperature. These peened edges and adjacent 
area are cooled to at least 40° F and a small 
increment of weld metal is arc welded between the 
edges. Thereafter, the accumulated welding slag 
is removed, and the welded area is quenched to a 
temperature of at least 40° F he foregoing 
sequence of steps is repeated to lay down suc 
cessive weld increments until the weld is com 
pleted. 














BEBBEINS NSU 


LO-HYDROGEN 
IRON POWDER 


STAINLESS STEEL Insures Low-Hydrogen Welds 
Against Defects Caused by 
____.._ Moisture-Laden Shielding 


ELECTRODE 











@ Keeps Low Hydrogen Electrodes Truly Low Hydrogen. 


@ ARIDAIR Intake Breather (Patent Pending) chemically de- 
hydrates incoming air; Only Moisture Free Air enters. 


@ Chimney Type Ventilation — Electrodes always sur- 
rounded by Moving, Heated, Dry Air. 


@ Dehydrating Chambers limit depth of electrode piles to 
1.25” to improve dehydrating efficiency. ~ 


@ Temperature Thermostatically Controlled — Adjustable 
from 250° to 600°F. 


Immediate Shipment on D.O. Rated Orders 
Specify 110 or 220 Volt Current. 


vara e Ts 


MANUFACTURER 





Blueweld Model 724 S.E.A. Stabilizers may be 


4905 N ORTH 31 ST R E ET stacked or grouped to meet varying capacity 
MILWAUKEE 9, WISCONSIN 


requirements. Each unit individually heated— 


capacity readily and economically adjusted. 


For details, circle No. 57 on Reader Information Card 
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Surfacing Data 


Information on how to fabricate 
“‘Hastelloy”’ alloys is presented in a 
special new booklet published by 
Haynes Stellite Co., Division of 
Union Carbide Corp., Kokomo, 
Ind. 

The 36-page booklet covers step- 
by-step procedures and recommen- 
dations for welding, forging, form- 
ing, machining, grinding, brazing, 
heat-treating, and descaling and 
pickling. It also includes informa- 
tion on lining of vessels and corro- 
sion surfacing along with necessary 
boiler code data. 

For your free copy, circle No. 4 
on Reader Information Card. 


Aluminum Welding 


*‘Aluminum”’ is the title of a folder 
just released by All-State Welding 
Alloys Co., Inc., White Plains, 
N. Y. It is especially for those 
having to join aluminum to alumi- 
num or aluminum to dissimilar 
metals such as copper, nichrome and 
stainless steel. 

The range of these alloys now in- 
cludes electrodes, welding rods, 
brazing rods, 11 and 10-lb precision 
spooled wire for inert-gas applica- 
tion or other purposes, and a wide 
selection of solders affording joint 
strengths to 25,000 psi _ tensile. 
Newest of the solders is one said to 
provide 20,000 psi, which requires 
no flux. 

For your free copy, circle No. 6 
on Reader Information Card. 


Pressure-Vessel Design 


A step-by-step guide that elimi- 
nates need for lengthy computations 
in the design of pressure vessels has 
been published by the pressure ves- 
sel engineering section of American 
Car and Foundry division of ACF 
Industries, Inc. 

This “Pressure Vessel Design 
Handbook”’ was developed to en- 
able engineers to determine simply 
and quickly the size of a pressure 
vessel where the maximum working 
pressure requirement and desired 
capacity or space limitations are 
known. 
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This handbook contains tables 
giving head capacity and shell ca- 
pacity per linear inch for various 
tank sizes, ranging from 48 in. ID 
to 131 */, in. ID. The computa- 
tions to determine the various work- 
ing pressures listed are based on the 
three steels most commonly used 
in pressure-vessel construction; A- 
285 grade C; A-212 grade B and 
A-299. 

The manual outlines in five basic 
steps the procedures to follow in 
determining size of the vessel once 
the basic requirements have been 
determined. 

The ‘Pressure Vessel Design 
Handbook”’ can be obtained by 
writing to: Marketing Department, 
American Car and Foundry Di- 
vision, ACF Industries, Inc., 750 
Third Ave., New York 17, N. Y. 


Welding Positioner 


Now available from Aronson 
Machine Co., Arcade, N. Y., is an 
article explaining the importance 
of ground current conduction per- 
taining to welding positioners. 
This 13-page booklet is 8'/, x 11 
in. in size and illustrated. 

For your free copy, circle No. 8 
on Reader Information Card. 


Grinding Wheel Safety 


The Grinding Wheel Institute, 
2130 Keith Bldg., Cleveland 15, 
Ohio, has recently published a new 
24-page safety booklet entitled 
“Safety Recommendations for 
Grinding Wheel Operation.” This 
booklet discusses, in layman’s lan- 
guage, such technical subjects as 
maximum peripheral speeds, 
strength classification of grinding 
wheels, definitions of maximum 
speeds, the effect of wheel speed on 
grinding action, safety guards, 
mounted wheels, proper mounting 
procedures, truing and dressing, and 


the ‘‘do’s and don’ts”’ for safe grind- , 


ing. It also contains a handy table 
for the operator’s use in converting 
revolutions per minute to surface 
feet per minute. 

For your free copy, circle No. 10 
on Reader Information Card. 


Electrode Guide 


Available from the Lincoln Elec- 
tric Co., Cleveland 17, Ohio, Bul- 
letin 7000.2 is a new 20-page catalog 
and procedure guide for Lincoln 
manual arc-welding electrodes for 
surfacing and for welding stainless 
steels, nonferrous metals and cast 
iron. The ‘“Weldirectory” de- 
scribes each electrode, its properties 
and applications, and how to use it. 
Charts aid electrode selection and 
identification and give welding 
machine settings for each electrode. 

For your free copy, circle No. 12 
on Reader Information Card. 


Manifold Distribution Systems 


Production, space and cost bene- 
fits in continuous distribution of in- 
dustrial gases by custom-built mani- 
fold installations are described in 
“Industrial Piping Equipment,” a 
new 28-page brochure available from 
National Cylinder Gas Division of 
Chemetron Corp., 840 N. Michigan 
Ave., Chicago 11, Ill. 

Duplex, simplex and _ portable 
NCG manifold distribution systems 
piping oxygen, hydrogen, nitrogen, 
helium, argon, acetylene and other 
gases for uses such as welding, cut- 
ting, heating, fiame hardening, flame 
blasting and oxygen lance operations 
are detailed. 

For your free copy, circle No. 14 
on Reader Information Card. 


Surfacing 


The November-December issue 
of Colmonoy Alloy News, published 
by Wall Colmonoy Corp., 19345 
John R. St., Detroit 3, Mich., 
features an article entitled “Spray- 
weld Process Cuts Hard-Surfacing 
Labor Costs.”’ Other articles in the 
4-page standard-size publication in- 
troduce the firm’s Tokyo distributor 
and describe Wall Colmonoy’s proc- 
ess to provide resistance to oxida- 
tion, abrasion and corrosion on 
mild-steel sheet. 

For your free copy, circle No. ‘5 
on Reader Information Card. 


Stainless-Steel Welding Fittings 


Complete dimensional data on the 
full line of stainless-steel welding 
fittings and flanges are contained in 
a revised catalog, TT600, available 
from Tube Turns, Louisville, Ky., 
division of Chemetron Corp. 

Up-to-date technical data for al- 
lowable S-values, allowable working 
pressures of fittings, pressure-tem- 











THREE NEW 
M &T WELDERS 


FOR 


DEPENDABLE POWER 
.......1n the field 
..+.:.1n the shop 


1... LIQUID COOLED — ENGINE- 
DRIVE WELDER — Heavy duty, 
gasoline engine driven welder 
with simplified control — one dial 
for electrode size, one dial for cur- 
rent setting. Three available mod- 
els—200 amp., 300 amp., 400 amp. 
—deliver long, trouble-free service. 


2. AIR COOLED — ENGINE- 
DRIVE WELDER — Light weight, 
gasoline engine driven welder for 
field or shop service. Low cost, 
compact, readily portable and in- 
expensive to operate. Simplified 
control permits stepless current 
adjustment within selected range 


from 25 amp. to 200 amp. 


3. MOTOR-GENERATOR 
WELDER -— Heavy duty, DC 
motor-generator welder designed 
primarily for manual arc welding. 
Compact, functionally designed. 
Power factor control keeps power 
costs down. Low maintenance re- 
duces operating costs. 300 amp. 


and 400 amp. models available. 


For fast-starting dependable power specify M & T welders. Complete information on request. 


Write Metal & Thermit 
Corporation, Rahway, N. J. 


METAL & THERMIT 


CORPORATION 


PARTNER IN WELDING PROGRESS SINCE 1904 
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perature rating of flanges and cor- 
rosion resistance are contained in 
the 54-page booklet. Corrections 
have been made to reflect recent 
code changes and to conform with 
new code interpretations for Types 
304L and 316L stainless steel. 

Applications for stainless-steel 
piping, welding procedures and 
Tube Turns’ new program for 
packaging all of its stainless-steel 
and nonferrous alloy fittings and 
flanges are described in introduc- 
tory sections of the catalog. 

For your free copy, circle No. 18 
on Reader Information Card. 


Canadian Welding 


Volume 8, No. 3 of “Arc and 
Flame,”’ published by Canadian 
Liquid Air Co., 1111 Beaver Hall 
Hill, Montreal, Quebec, features an 
illustrated article on the bronze 
surfacing of a 2-ton cast steel piston. 
Other stories in the 4-page litera- 
ture described the setup for preheat- 
ing with neutral gas and an instance 
where a small amount of low-hydro- 
gen electrodes saved an expensive 
pile-driver piston. 

For your free copy, circle No. 20 
on Reader Information Card. 





Tungsten-Carbide Spray Powder 


Engineering Bulletin 139 de- 


scribes a new spray-powder material, 
developed by Metallizing Engineer- 
ing Co., Inc., Westbury, Long Is- 
land, N. Y., for use with the Metco 
“‘ThermoSpray”’ gun, to permit sur- 
facing with sprayed tungsten car- 





bide at high deposit efficiency —re- 
portedly better than 90% and high 
concentration of the carbide. Coat- 
ing speeds are also high 110 to 150 
sq ft per hr 0.001 in. thick. Any 
required coating thickness may be 
applied. Coatings are torch-fused 
after spraying and the close control 
of coating thickness permitted, plus 
the comparatively smooth surface 
produced, minimize finishing opera- 
tions. 

It is expected 


that the new 
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WELDING HEAD 
MANIPULATORS 


Cayuga Weldomatic Manipulators are 
built in a wide range of sizes and variety 
of models. Designed for automatic 
longitudinal welding tank fabrication 
and for use with turn tables, turning 
rolls and positioners. Available with 
or without trucks. 


OTHER PRODUCTS 


Turn Tables 
Turning Rolls 
Positioners 
Travel Carriages 
and Beams 
Contour Welders 
Horn Jigs 
Sheet Splicers 
Motor Stator 
& Transformer 
Core Welders 
Tank Welders 
Head & Tail 
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CAYUGA MACHINE & FABRICATING CO., INC. 


Depew—Buffalo, New York 
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process, which has been extensively 
field-tested, will find wide applica- 
tion on parts subject to extreme 
wear conditions, such as buffing fix- 
tures, sanding templates, polishing 
masks, tool joints and metal pat- 
terns. 

For your free copy, circle No. 22 
on Reader Information Card. 


Electrode Holder 


Climax Corp., 2446 University 
Ave., St. Paul 14, Minn., announces 
the availability of a 4-page folder 
in color describing the firm’s line of 
Climax ‘‘twin-head”’ electrode hold- 
ers. Currently available in two 
sizes, Model 4 for 400-amp and 


a 


f 





Model 5 for 500-amp operation, the 
manufacturer reports that the fully 
insulated holders combine such fea- 
tures as double life through their 
renewable twin heads, cable locks 
to prevent strand exposure, stream- 
lined design, clean jaws, and stain- 
less-steel springs protected from 
current by insulators at each end. 

For your free copy, circle No. 24 
on Reader Information Card. 


Metal-Melting Guide 


Bulletin GEA-6113A, four pages, 
from General Electric Co., Schenec- 
tady 5, N. Y., describes the proper 
selection of cast-in immersion 
heaters, controls and melting pots 
for soft-metal melting applications. 
The publication gives melting data 
and includes a table to determine 
heater kw-hr requirements for melt- 
ing solder, tin and lead. 

For your free copy, circle No. 26 
on Reader Information Card. 


Heat-Resisting Alloy 


Rolled Alloys, Inc., with main 
offices at 5309 Concord, Detroit 11, 
Mich. and 330 William St., South 
River, N. J., have issued ‘‘Informa- 
tion on RA330,”’ a 6-page bulletin in 
color which describes RA330 heat- 
resisting alloy. Bulletin No. 107 
presents chemical composition, 
stress-rupture properties, short-time 
high-temperature properties, oxida- 


| tion resistance and recommended 
| design stresses. According to the 


manufacturer, the wrought alloy 


differs from stainless steel in respect 
| to the control exercized over grain 
| size, silicon content, over-all chemi- 








RUGGED..DAMAGE PROOF! 


HARRIS IMPROVED MULTI-STAGE 77 
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sure indicator replaces Adjusting screw can 
low pressure gauge. be left in any position 
without damage to 
seats or diaphragms. 
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Nut supported 
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caf analysis and impurities which 
may affect the performance at ele- 
vated temperatures. 

For your free copy, circle No. 28 
on Reader Information Card. 


Protective Screens 


Singer Glove Mfg. Co., 860 W. 
Weed St., Chicago 22, Ill., has pub- 
lished a 3-page catalog supplement 
describing the company’s line of 
welding curtains and protective 
covers. The products are made of 
different materials, namely: 12-o0z 
fire-resistant duck, neoprene-coated 
fiber glass and nylon, regular as- 
bestos, wire-inserted asbestos and 
aluminized asbestos. 

For the free copy, circle No. 30 
on Reader Information Card. 


Nickel-Base Alloy 


Hastelloy alloy F, a nickel-base 
alloy developed by Haynes Stellite 
Co., Division of Union Carbide 
Corp., Kokomo, Ind., is the subject 
of a 12-page booklet. Produced 
mainly to alleviate stress-corrosion 
cracking, the alloy is also said to re- 
sist oxidizing and reducing condi- 
tions. The booklet lists physical, 
chemical and mechanical properties 








HIGHEST 
QUALITY 


DUST FREE 


DEPENDABLE 
SUPPLY 


Write for the name and address 


of the NATIONAL CARBIDE supplier nearest you. 


National Carbide Company 


NATIONAL CARBIDE 


and other data, such as available 
forms. Welding electrodes are be- 
ing made from this new material. 
The manufacturer reports no sign of 
cracking after specimens of the new 
alloy had received 800 hr of ex- 
posure to boiling 42° magnesium 
chloride. 

For your free copy, circle No. 32 
on Reader Information Card. 


Resistance-Welding Machines 


Alph:l Spot Welder Mfg. Corp., 
1058 Pacific St., Brooklyn 38, N. Y., 
announces publication of a stand- 
ard specifications chart on its line 
of resistance-welding machines, de- 
signed for the sheet metal, wrought 
iron, wire fabricating and tubing 
industries. 

Complete specifications and data 
are listed for Alphil projection- and 
spot-welding machines made for 
all voltages and frequencies. 

For your free copy, circle No. 86 
on Reader Information Card. 


Facilities for Precision Fabrication 


A brochure is available from Air- 
line Welding and Engineering, 760 
N. Prairie Ave., Hawthorne, Calif., 
describing facilities for contract 







A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED 
GENERAL OFFICES: 150 EAST 42ND STREET, NEW YORK 17, N. Y. 
AT THE FRONTIERS OF PROGRESS YOU'LL FIND AN AIR REDUCTION PRODUCT 
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production and fabrication of pre- 
cision metallic parts and structures. 

The brochure includes a complete 
facilities list, description of method 
and processes and photographs of 
typical Airline work from complex 
test stand cabinets to precision mis- 
sile parts. 

For your free copy, circle No. 88 
on Reader Information Card. 





OF NEW BOOKS 


Acoustic Emission 


Acoustic Emission under Applied 
Stress. B. H. Schofield, R. A. 
Bareiss, and A. A. Kyrala, Lessells 
and Associates, Inc. for Wright Air 
Development Center, U. S. Air 
Force. April 1958. 39 pages. 
Order PB 151215 from OTS, UV. S. 
Department of Commerce, Wash- 
ington 25, D. C., $1.25. 

This research verified the exist- 
ence of the ‘‘acoustic emission’ 
phenomenon, the acoustic noises 
emitted by certain metals under ap- 
plied stress, and showed a possible 
connection between emission and 
dislocation action. ‘The study was 
aimed at the ultimate use of the 
phenomenon in the field of mate- 
rials engineering. Experiments on 
commercial grades of carbon steel, 
24ST-4 aluminum, and cast tin con- 
firmed the existence of the emission 
effect. They did not, however, 
verify a 1950 finding of Dr. J. 
Kaiser of Germany that for a given 
material there exists a characteristic 
distribution of frequency and am- 
plitude spectrums which is related 
to the stress level within the mate- 
rial and the past metallurgical his- 
tory of the material. Frequency 
and amplitude spectrums did show 
shaped distribution, as opposed to 
random behavior, but the distri- 
butions were not consistent for a 
given material. Experiments on 
pure aluminum single crystals fur- 
ther confirmed the existence of 
acoustic emission. They indicated 
that the phenomenon consists of 
two primary effects, the high am- 
plitude bursts of intermittent oc- 
currence and the relatively higher 
frequency signals of a continuous 
nature. 





Electrical Maintenance 


A new 24-chapter, 650-page edi- 
tion of Maintenance Hints hand- 
book has been published by West- 
inghouse Electric Corp. 

The 5- x 7-in., leatherette-bound 
manual is designed to provide a 
guide to modern maintenance prac- 
tices on all types of electrical 
equipment. 

The handbook is divided into 
two sections. The first 17 chapters 
cover specific apparatus mainte- 
nance; the last seven cover general 
maintenance of materials used in 
apparatus, such as insulation. 

All chapters in the revised manual 
have been extensively updated and 
revised. In particular, the new 
edition contains a chapter on main- 
tenance of static controls—the first 
information ever published in a gen- 
eral handbook. The chapters on 
electronics and electric brakes have 
been considerably altered and en- 
larged. 

For a copy of Maintenance Hints, 
send a $2.00 check or money order 
to Westinghouse Electric Corp., 
P. O. Box 2099, Pittsburgh 30, Pa. 


Training Courses in Metals 


Training Courses for the Metals 
Industry describes in detail the 17 
courses now offered by the Metals 
Engineering Institute, a division of 
the American Society for Metals. 
They are: “Elements of Metal- 
lurgy,” ‘Metals for Nuclear 
Power,” ‘“‘Copper, Brass & Bronze,” 
“High Temperature Metals,”’ 
“Magnesium,” ‘Oxy - Acetylene 
Welding & Related Processes,” 
“Stainless Steels,” ‘“Titanium,”’ 
“Tool Steels,” ‘Electroplating & 
Metal Finishing,” ‘Gray Iron 
Foundry Practice,”’ ‘Steel Foundry 
Practice,” “Heat Treatment of 
Steel,” ‘Iron Blast Furnace Op- 
erations,” ‘Primary & Secondary 
Recevery of Lead & Zinc,” “Survey 
of Sieel Plant Processes’’ and ‘Arc 
Welding.”’ 

Included are lesson titles and 
other highlights, as well as back- 
ground on the authorities who au- 
thored text and lesson material. 
Listed also are six additional courses 
to be ready soon for individual and 
group study. 

It is available without charge to 
prospective students within the 
metals industry, to training super- 
visors and to ASM Chapter educa- 
tional committee leaders. Address 
request to Metals Engineering In- 
stitute, American Society for Metals, 
Dept. NR1i, 7301 Euclid Ave., 
Cleveland 3, Ohio. 
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New Products 


Electronic Tracing Unit 


The Linde Photocell Tracer has 
been developed by Linde Co., 
Division of Union Carbide Corp., 
30 E. 42nd St., New York 17, N. Y., 
to provide accurate reproductions 
of complicated metal parts in oxygen- 
cutting applications. The new elec- 
tronic tracer will guide single- or 
multitorch oxygen-cutting machines 
from pencil or ink line drawings. 
Templets and negatives are elimin- 
ated by the Linde method. Neces- 
sary allowances for kerf width are 
also eliminated by an automatic 
kerf adjustment. After drawings 


are made in the exact size of the 





ee 

part desired, the kerf compensator 
is set for the plate thickness to be 
cut and automatically compensates 
for kerf width to reproduce parts of 
same size as the line drawing. 

The manufacturer reports that 
the tracing speed operates over a 
range of 2 to’30 ipm and is capable 
of negotiating 90-deg turns with 
'/\, in. radius. 

Heart of the Linde Photocell 
Tracer is a photoelectric scanning 
head geared to a steering motor 
which in turn is connected by means 
of a geared belt to the drive head. 
The main control box can be re- 
motely mounted and is connected 
to the tracing head by a 25-ft 
mul!ticonductor cable. 

For more details, circle No. 34 
on Reader Information Card. 





Armco Develops New 
Stainless Steel 


Armco Steel Corp., Middletown, 
Ohio, has developed a new type of 
corrosion and heat-resistant stain- 
less steel known as Armco 22-4-9. 
The new alloy is austenitic, despite 
its low nickel content. Available 
as forging billets and rounds from 
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', to 3 in., Armco 22-4-9 is recom- 
mended for service at temperatures 
of 900 to 1600° F, such as high- 
temperature steam valves and gas 
turbine parts. 

Chemical composition in percent 
is as follows: 


- 0.45 to 0.60 
Mn 7.00 to 10.00 
Pp 0.045 max 

S 0.12 max 

Si 1.00 max 

Cr 20.00 to 23.00 
Ni 3.00 to 5.00 
N 0.30 to 0.50 


Armco 22-4-9 is a weldable al- 
loy, and can reportedly be joined 
by any of the methods used for 
stainless steel. Because of its aus- 
tenitic structure, this grade can be 
welded without preheating or post- 
heating and is not susceptible to 
cracking. Successful experience in 
welding 22-4-9 in production in- 
cludes (1) electrical flash-butt weld- 
ing of valve stems, (2) cladding of 
valve faces with surfacing alloys by 
either oxyacetylene or inert-gas- 
shielded welding processes and (3) 
arc welding of pipe valve compo- 
nents. Covered arc-welding elec- 
trodes of similar composition have 
been successful in welding experi- 
ments to deposit weld metal for sur- 
facing applications. 

For more details, circle No. 36 
on Reader Information Card. 


Ultrasonic Seam Welding 


An ultrasonic seam welding ma- 
chine that can weld sheets of dis- 
similar metals continuously has 
been developed by the Westing- 
house Electric Corp. This welder 
brings to seam welding the advan- 
tages of ultrasonic welding: mak- 
ing dissimilar metals weldable, and 
eliminating the need for surface 
preparation prior to welding. 

The welding machine is still in 
the development stage, according 
to Dr. C. E. Arntzen, manager of 
the Westinghouse materials en- 
gineering department, but with 
some refinements it could have great 
practical value. 

‘The new apparatus will weld dis- 
similar metals which are not now 
weldable by fusion processes,’’ Dr. 


Arntzen continued. “The only 
other available method for joining 
dissimilar metals is that of cold 
welding in which there is also a 
minimum of diffusion, but this 
method has the very serious dis- 
advantage of requiring a large de- 
formation of the metal pieces being 
joined. Ultrasonic welding, on the 
other hand, does not require these 
large deformations.” 

With the experimental unit that 
has been developed two sheets of 





aluminum 0.010-in. thick have been 
seam welded continuously at a rate 
of 15 ipm. 

In addition, light silver foil was 
seam welded to '!/,-in. thick copper 
strap at a rate of 20 ipm. These 
welds were made while supplying 
500 w to each transducer or 1000 w 
to the entire unit. 

For details, circle No. 82 on 
Reader Information Card. 


Manganese-Bronze Welding Rod 


A new, low-fuming gas filler rod 
for welding high-strength bronzes 
and brasses has been developed by 
Ampco Metal, Inc., 1745 S. 38th 
St., Milwaukee 46, Wis. 

According to the manufacturer, 
the new rod, Ampco-Braz No. 4, is 
produced from manganese bronze 
alloyed with nickel for higher ten- 
sile strength, better ductility and 
greater toughness than that obtained 
with regular low-fuming bronze 
filler rods and meets AWS-ASTM 
classification R-Cu Zn-B and Fed- 
eral Specification QQ-R-571a, Class 
FS-R Cu Zn-3. 

The new rod also performs well 
when used to repair and build up 
bearing surfaces on steel, cast iron 
and malleable iron. It can also be 
used to repair gear teeth, pistons 
and cams and finds application in 
many corrosive media. 

Ampco-Braz No. 4 is applied in 
all positions using regular gas braz- 
ing and braze-welding techniques 
and fluxes. 

For more details, circle No. 38 on 
Reader Information Card. 











A.O.Smith developed the exclusive 
techniques and machines for making 
non-corrosive ‘‘lined’’ pressure vessels 
for use in oil refineries, pulp digesters 
and chemical plants. The non-corrosive 
liners are spot welded to the inside of 
the vessel with thousands of welds. 

Square D Welder Control proved itself 
in production by increasing speed, 

adding to the strength of the welds 

and reducing repairs 
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Square D has the control to meet your 
exact needs. Write us for Bulletin 8993. 

Address — Square D Company, 4041 
N. Richards Street, Milwaukee 12, Wis. 
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Panel Receptacle 


An insulated high-impact plastic 
panel receptacle for fast, positive 
power connections without tools, 
has been announced by the Cam- 
Lok Division of Empire Products, 
Inc., Cincinnati 36, Ohio. The 
receptacle can be mounted, with- 
out further insulation, directly on 
electrical distribution cubicles, 
switchgear, junction boxes, bus 
duct, wire-way or any electrical 
panel, to produce a ‘dead front” 
connection. Costly special insulat- 


ing panels are eliminated and as- 
sembly time reduced. 








The high-impact plastic insula- 
tion is said to assure shockproof 
panel mounting, to prevent short 
circuiting of power distribution 
equipment, and to safeguard per- 
sonnel. 

The Cam-Lok receptacle, with 
its mating plug, affords a rapid 
means for connecting and discon- 
necting power cables. The _ re- 
cessed copper-in-plastic design also 
incorporates a positive locking con- 
nection with a high-pressure con- 
tact, to prevent accidental uncou- 
pling of the plug from the receptacle. 
This connection will reportedly 
withstand a pulling force of 1000 lb. 

The high-impact plastic panel re- 
ceptacles and plugs are made to ac- 
commodate all cable sizes from No. 
16 to 4/0. 

For more details, circle No. 44 
on Reader Information Card. 


D-C Welding Electrode 


Eutectic Welding Alloys Corp., 
40-40 172nd St., Flushing 58, N. Y.., 
has introduced an electrode, Ni- 
Tectic 222, designed for use where 
one of the joining members contains 


s longer than mild steel. 
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a minimum of 50° nickel. This 
d-c electrode is recommended for 
such applications as butt and fillet 
joints on nickel to Inconel, Monel, 
various grades of stainless steel, as 
well as mild and low-alloy steels. 
Available in */ 32, '/s, °/s2 and */,¢ in. 
diam, weld deposits of the electrode 
are reportedly machinable. 

For more details, circle No. 46 on 
Reader Information Card. 


Inert-Gas Welding Torch 


Linde Co., Division of Union 
Carbide Corp., 30 East 42nd St., 
New York 17, N. Y., has introduced 
an inert-gas-shielded metal-arc 
welding torch for spooled wire, 
known as the “Sigmette.”” This 
new 3-lb torch is said to permit 





spaces and 


confined 
areas remote from power and gas 
supplies. Fully insulated torch and 


welding in 


component control protect the 
operator from. electrical shock. 
Rated at 200 amp, the torch will re- 
portedly handle full welding range 
with */,;-in. aluminum wire; ap- 
plications on aluminum 0.093 to 
'/, in. thick with 0.030-in. wire up 
to 125 amp; limited applications 
with '/,.-in. aluminum wire; and 
0.030-in. carbon-steel wire. 

For more details, circle No. 48 on 
Reader Information Card. 


Calculating Moment of Inertia 


An I-rule to simplify the deter- 
mination of moment of inertia of 
irregular sections has been an- 
nounced by the Lincoln Electric 
Co., Cleveland 17, Ohio. 

Effectively, the rule converts an 
irregular section into two simple rec- 
tangles. The moment of inertia of 
each rectangle is found by the famil- 
iar I = wh*/3 formula, then the two 
are totalled to obtain the moment 
of inertia of the original irregular 
section. Accuracy is said to be 
within 1 to 2%. 

For more details, circle No. 50 on 
Reader Information Card. 
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THIS "CLOCK" is not a timepiece. But 
it's an impressive example of the pre- 
cision cutting possible with Messer equip- 
ment. All of the figures, offsets, and other 
features of this dial were cut automati- 
cally guided by a photocell with an 
oxygen cutting machine out of ¥% inch 
plate. The dial indicator is actually in- 
stalled on a heavy forming press in a 
large steel mill. 





Around the clock... 


MESSER CUTTING MACHINES PERFORM NEW 
MIRACLES IN AUTOMATIC PRECISION CUTTING 





Isn't it “time” you thought about the money-saving 
advantages you can get through the use of the new 
and revolutionary cutting techniques now possible 
with Messer Cutting Machines? 


INCREASE YOUR PROFITS 
Experience has shown that the Messer cutting 
machine versatility of design permits greater shop 
flexibility and the increased use of automation. 
The result? Lower costs, lower waste, GREATER 
PROFITS. 


This unique oxygen cutting equipment features a 


Messer Cutting Machines 


WELDING ENGINEERING SINCE 1898 


completely engineered system of operation. This 
leads to new high standards in precision workman- 
ship and greater accuracy. 


ASK US FOR MORE DETAILS! 


In steel mills, in shipyards—wherever cutting 
machines are used — Messer equipment can increase 
efficiency. It will pay you to find out now what 
Messer can offer you. Write us for full information. 
No obligation, of course. Messer Cutting Machines, 
Inc., Chrysler Building, 405 Lexington Avenue, 
New York 17, N.Y. 
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Gageless Regulator 


The Harris Calorific Co., 5501 Cass 
Ave., Cleveland, Ohio, have de- 
veloped a new, improved version 
of their gageless regulator for all 
cylinder regulator applications. 





Known as the Model 77, this 
regulator is designed to reduce 
maintenance cost otherwise brought 
about by broken gages, inlet stems, 
adjusting screws, ruptured dia- 
phragms and leaking seats. 

A cylinder content indicator re- 
cords cylinder condition; full, */,, 
'/,, '/, or empty, when flush with 
the outer container. This replaces 
high-pressure gauges. 


For Acute WELDING HEATS... 


Both the intermediate and work- 
ing pressure stages are protected 
by safety valves. 

Available for all commercial 
gases in several models delivering 
0-15, 0-50 and 0-100 Ib. 

For more details, circle No. 52 on 
Reader Information Card. 


Handling of Steel Plate 


The latest device out on the 
material handling market by Merrill 
Brothers, Maspeth, Long Island, 
N. Y., is their new horizontal plate 
clamp, recently developed for use 
in handling large, unwieldy steel 
plates. 

All parts are drop forged and 
heat treated. Used in pairs, this 
new device will reportedly grip, 
hold and convey swinging, jerking 
loads in complete safety. 

For more details, circle No. 84 on 
Reader Information Card. 


Brazing Alloy 


A new _ nickel-chromium-boron 
brazing alloy which is said to be 
applicable to most ‘super alloys”’ is 
now available from Stainless Proc- 
essing Division, Wall Colmonoy 
Corp., 19345 John R. St., Detroit 3, 
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Opportunities in Advanced 
Nuclear Development for 


METALLURGISTS 


The Knolls Atomic Power Laboratory inviles 
inquiries from Metallurgists ready to slep 


up fo positions offering demonstrated 


1 degree plus at least one year of related 


erperience required for current openings U 
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Mich. Designated Nicrobraz No. 
170, the new material produces 
high-strength joints for continuous 
service at temperatures from room 
up to 2000° F and can be used up 
to 2200° F. 

According to the manufacturer, 
Nicrobraz No. 170 will braze tung- 
sten and molybdenum bearing alloys, 
providing improved ductility in the 
resulting brazed joint, producing 
small fillets for neat appearance and 
having good wetting characteristics. 
Flow is satisfactory in shallow joints 
with proper clearance and is ex- 
cellent when used in pure dry- 
hydrogen and vacuum atmospheres. 

Average liquidus temperatures 
for the new brazing alloy is 2020° F 
solidus temperature is 1790° F. 
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Special Brass Shapes 


Titan special brass 
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production, moximum 
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Bronze Welding Rods 


Titan bronze welds are de- 
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have high strength, excel- 
lent wear resistance .. . can 
be applied easily, quickly 
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cast steel, grey iron and 
many other materials. Dou- 
ble-Deoxidized by patented 
Titan process to assure duc- 
tile, high-strength, non- 
porous welds. 
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Recommended brazing range is 2150 
to 2200° F in pure dry hydrogen. 

Nicrobraz No. 170 is available as 
a powder and is best applied as a 
mixture with Nicrobraz Cement. 
Can be applied with brush, glass 
dropper or other suitable means. 

For more details, circle No. 54 
on Reader Information Card. 


Composite Metals in Strip Form 


A composite metal for use in the 
electronics-electrical industry has 
been developed by the American 
Silver Co., 36-07 Prince St., Flush- 
ing 54, N. Y. Known as Thermo- 
Lay strip, this electrolytically de- 
posited metal is available in silver, 
nickel, copper, tin, zinc, gold, cad- 
mium and solder combinations. It 
can be soldered, brazed or welded 
and is intended for applications 
where good corrosion resistance and 
electrical properties are demanded. 
Available in widths from '/,, to 7 in., 
the strip ranges in plating thick- 
nesses from 0.005 to 0.0001 in. per 
side. Over-all thicknesses are from 
0.125 to 0.001 in. 

For more details, circle No. 56 
on Reader Information Card. 


Automatic Air-Carbon 
Arc Cutting 


Arcair Co., Lancaster, Ohio, has 
introduced Model Q-3 automatic 
torch for air-carbon arc cutting. 
Previously available only in manual 
torches, the new product has a trac- 
tor-mounted head to _ permit 





straight-line or circular travel at pre- 


determined speeds. With a tractor 
speed range of 0 to 180 ipm, the 
automatic torch handles */,- to 
*/s-in. “‘Copperclad Arcair” elec- 
trodes. Operation will reportedly 
enable production of J-groove plate 
preparation by butting plate edges 
and U-grooving two plates together. 

For more details, circle No. 58 on 
Reader Information Card. 


Stud Welding 


A new method of installing insula- 
tion and jacketing on large storage 
tanks for hot materials, at reported 
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savings of 30% or more, is de- 
scribed in a four-page brochure just 
issued by the Nelson Stud Welding 
Division of Gregory Industries, 
Inc., Lorain, Ohio. 

The booklet shows how end- 
welded studs, on which insulation 
and either aluminum or steel skin 
are impaled, are applied directly 
to the tanks or on lightweight strips 
that are then tack welded to the 
tanks. The method is also said to 
result in improved tank appearance. 

For your free copy, circle No. 60 
on Reader Information Card. 


Eye-Protection Kit 


The ‘‘Sellstrom Safeguards Show- 
Case”’ is the name of a new portable 
sales display kit developed by Sell- 
strom Manufacturing Co., Palatine, 
Ill. Designed for both counter and 
truck salesman use, the kit contains 
12 different eye-protection items 
for welders. 





A hinged carton was specially 
designed, containing 118 products 
such as goggles, side-shield glasses, 
welding lenses and plates, head- 
bands and dust respirators. The 
manufacturer states that the con- 
tents of the “Show-Case’”’ includes 
every item necessary to meet 90% 
of all welders’ eye protection re- 
quirements, being virtually a basic, 
or starter, stock of those items. 

For more details, circle No. 62 on 
Reader Information Card. 


Acetylene Cylinder 


Norris-Thermador Corp., 5215 S. 
Boyle Ave., Los Angeles 58, Calif., 
recently revealed their new im- 
proved acetylene cylinder which 





contains a modified lime-silica filler 
and is said to increase gas capacity 
15% and to decrease weight over 
7%. 

Field tests have reportedly shown 
the new cylinder takes a fast charge, 
and there is no loss of acetone even 
when gas is discharged at extremely 
high rates. 

Acetylene cylinders ranging from 
10 to 350 cu ft capacity are now 
available. 

For more details, circle No. 64 on 
Reader Information Card. 


Packaging for Hose Fittings 


A new type of packaging designed 
to give additional protection to 
Burdox brass fittings and connec- 
tions is now being used by the Bur- 
dett Oxygen Co., 3300 Lakeside 
Ave, Cleveland 14, Ohio. Accord- 
ing to the manufacturer, the new 
boxes of Burdox “‘Gateway”’ cylin- 
der and hose connections will not 
only protect the threading and keep 
the connections bright and clean 
but will prevent errors in selection. 





Burdett is one of the country’s 
largest manufacturers of cylinder 
and hose connections and other 
brass fitings for the welding indus- 
try. Included in the fittings and 
connections individually packaged 
in the new boxes are needle valves, 
outlet connections, cylinder nuts, 
cylinder nipples and acetylene regu- 
lator adaptors. Items packaged 
bulk in the new boxes include hose 
couplers, outlet bushings, barbed 
adaptors, ferrules and barb splicers. 

All Burdox Gateway boxes are 
pre-packaged in master corrugated 
boxes for extra protection. 

For more details, circle No. 66 on 
Reader Information Card. 


High-Strength Steel Electrode 


Eutectrode Super 110 (a-c, d-c), 
a high-strength welding electrode 
for mild, low-carbon and low-alloy 
steels, has been developed by Eutec- 
tic Welding Alloys Corp., 40-40 
172nd St., Flushing 58, N. Y. Said 
to provide 110,000-psi strengths, the 
new electrode is particularly recom- 
mended to join pressure vessels, 
tanks and structural steels. It is 
available in */32, '/s, °/32 and */\5 in. 
diam. 

For more details, circle No. 68 on 
Reader Information Card. 





FOR ALL HEAT-DEPENDENT / | 
OPERATIONS Ld 





| Available in 
ve jj these Temperatures (F.) 


Sixty-three different compositions enable you to determine 
and control working temperatures from 113° to 2000° F. 

TEMPILSTIK® marks on workpiece “say when” by 
melting at stated temperatures — plus or minus 1%. 
ALSO AVAILABLE IN LIQUID AND PELLET FORM .. . WRITE 


‘*‘WELDING SALES’’ DEPT. FOR SAMPLE TEMPIL® 
PELLETS .. . STATE TEMPERATURES OF INTEREST—PLEASE! 











Tempil . ORPORATION 132 WEST 22ND STREET, NEW 


For details, circle No. 59 on Reader Information Card 


Hobart Bros. Company 





International Nickel Co., Inc 


Index to ADVERTISERS Si 


Linde Company, a Division of 
Corporation 


Acro Welder Mfg. Co Messer Cutting Machines, Inc. ................ 189 
Air Reduction Sales Company....Outside back cover Metal & Thermit Corp 

Alloy Rods Company 

All-State Welding Alloys Co., Inc 
American Brass Co 

Fred C. Archer Co 

Arcos Corporation 

Aronson Machine Co 

Bernard Welding Equipment Co 
The Budd Company Square D Company 

Cam-Lok Div. Empire Products Inc Stulz-Sickles Co 

Cayuga Machine & Fabricating Co., Inc Tempil° Corporation 
Contour Marker Corp Titan Metal Mfg. Co 

Coyne Cylinder Co Union Carbide Corporation 
General Electric Linde Company 

Harris Calorific Co Victor Equipment Company 


Miller Electric Manufacturing Co., Inc 
National Carbide Company 

National Technical Training Services 
National-U.S. Radiator Corp 

National Welding Equipment Co 
Pacific Transducer Corp 


WELDING JOURNAL | 193 





OO) immanninie 
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Nuclear Systems Economical, 


Portable Radiography Machines 





““We save approximately 50% of radiography costs 
on welding inspection by using Nuclear Systems 
Equipment,” said the Manager of Manufacturing at the 
Chattanooga, Tennessee plant of Combustion Engineering, 
Inc., last year when Nuclear Systems gamma radiography 
machines were in use many hours a day. Now these machines 
are used around the clock—and savings over the use of con- 
ventional X-ray equipment have increased proportionately 
Without expensive rigging, high quality radiographs are being 
obtained wherever and whenever needed—on almost al 
sizes and shapes of welded vessels and components. 
There’s a Nuclear Systems radiography machine which can 
tighten up your quality control... ease up your budget. For 
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Effect of Backup Variables on Series Spot Welding of Steel 


Investigation covers the study of the effects of backup bar 
and stool combinations of varying electrical conductivity upon the shunting 
current and tensile-shear strength of spot-welded joints 


BY &. Fs Were as, Ws Fs 


ABSTRACT. Theeffects of backup bar 
and stool combinations of varying elec- 
trical conductivity on the shunting 
currents and tensile-shear strength of 
series spot welds were investigated. 
In these studies, various electrode 
forces, electrode spacings and material 
surface conditions were utilized in the 
welding of 0.038-in. auto-body steel. 

Regardless of spot spacing or welding 
conditions, the shunting current in the 
top sheet of a series spot weld was 
found to be approximately twice as 
large as that through the bottom 
sheet. The shunting current in the 
top sheet ranged from 2000 to 2700 
amp with a 6-in. spot spacing to 3400 
5200 amp with a 2-in. spot spacing, 
utilizing a welding current of 12,400 
amp. 

Both the tensile-shear strength and 
the shunting currents were essentially 
independent of the conductivity of the 
backup stools with as-received and 
degreased-and-pickled stock, and were 
essentially independent of backup 
block conductivity with degreased- 
and-pickled stock. With as-received 
stock and a 700-lb electrode force, the 
tensile-shear strength was significantly 
reduced for welds made with a 2-in. 
spot spacing when a copper backup 
block was substituted for one made of 
the lower conductivity RWMA Class 5 
material. Decreasing the spot spacing 
from 6 to 2 in. generally decreased the 
weld strength by approximately 10% 
and roughly doubled the shunting 
current in the top sheet. With the 
E. F. NIPPES, W. F. SAVAGE and K. E 
DORSCHU are associated with the Department 


of Metallurgical Engineering of the Rensselaer 
Polytechnic Institute, Troy, N. Y 


SAVAGE AND K.E 


DORSCHU 


high-conductivity copper backup block, 
however, decreasing the weld spacing 
from 6 to 2 in. caused a decrease in 
weld strength of more than 16% witha 
700-lb electrode force and as-received 
stock. 

No advantage was gained by em- 
ploying copper in place of a lower 
conductivity alloy as a backup block; 
in fact, the use of copper rendered the 
weld strength more sensitive to spot 
spacing. 


Introduction 

The many advantages of series spot 
welding have resulted in wide ap- 
plication of the process to the fabri- 
cation of mild-steel sheet in the 
automotive industry. Increased 
production rates are realized in join- 
ing automotive components since 
two welds may be made simultane- 


ously for each secondary winding of 


a transformer. Furthermore, the 
indentation and surface marking 
produced on the backup bar side of 
the work are negligibly small. In 
addition, welds may be made in 
geometrical configurations which 
would be inaccessible to standard 
spot-welding equipment. 

Series spot welding has inherent 
disadvantages, however. One dis- 
advantage arises from the fact that 
the current through the shunt path 
provided by the top sheet does not 
contribute to the welding operation. 
This shunting current both reduces 
the electrical efficiency of the welding 


process and represents a cause of 


increased current density in the 
electrodes, thus tending to reduce 
the electrode life. This problem 
has been recognized in work pre- 
viously done at RPI' and an investi- 
gation was later performed? in which 
the effects of such variables as spot 
spacing, electrode geometry, back- 
ing-bar geometry, stock preparation 
and electrode force on the shunting 
current were studied. 

In automotive production, copper- 
alloy stools are often brazed to a 
copper backup bar, thus providing a 
more wear-resistant contacting sur- 
face with a minimum sacrifice in the 
conductivity of the backup bar. 
however, is relatively ex- 
pensive, and a definite economy 
could be achieved if a less expensive 
conducting material could be sub- 
stituted for the copper without 
seriously affecting the welding per- 
formance 

It was decided, therefore, to study 
the effects of the conductivity of the 
backup bar and the stools on the 
shunting current. 


Object 

The object of this investigation 
was to study the effects of backup 
bar and stool combinations of vary- 
ing electrical conductivity on the 
shunting current and tensile-shear 
strength of spot-welded joints. In 
these studies, electrode 
forces, electrode spacings and mate- 
rial-surface conditions were utilized. 


Copper, 


various 
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Material 

Cold-rolled, 0.038-in. thick, low- 
carbon, open-hearth, commercial- 
quality auto-body steel was em- 
ployed for this investigation. The 
chemical analysis and mechanical 
properties of the steel have been 
previously reported.’ All material 
was supplied in the pickled-and- 
lightly-oiled condition. 

Material Preparation. 'Two con- 
ditions of surface preparation were 
used in this investigation: as- 
received and degreased-and-pickled. 
The as-received steel had a surface 
contact resistance in the range of 700 
to 1500 microhms, whereas the de- 
greased-and-pickled stock had a 
contact resistance of 20 microhms 
or below. Degreased-and-pickled 
specimens were prepared by de- 
greasing in acetone, pickling in a 
50% HCl solution for 10-30 sec, 
water rinsing, dipping in acetone and 
wiping dry immediately. 


Equipment 

The series spot-welding equip- 
ment was assembled during a pre- 
vious investigation and a complete 
description of the apparatus will be 
found in a previous report. '! 

RWMaA Class 2, 2-in. continuous 
radius electrodes were used in con- 
junction with backup bars with re- 
movable stools, and one side of the 
secondary winding was connected 
to each electrode. 




















2 LAYERS CLOSE-WOUND 
O.0113-IN. INSULATED WIRE 
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The welding-current magnitude 
was adjusted by changing the pri- 
mary welding voltage over a range 
from 250 to 550 v. The weld time 
was controlled by a synchronous 
electronic weld timer, and the initia- 
tion of welding-current flow was ad- 
justed to provide a current wave- 
form as nearly sinusoidal as possible 
(100% heat). 

The welding current, J, was 
measured using an ampere squared- 
second (I*t) meter, supplied from a 
current transformer connected in the 
primary circuit of the welding trans- 
former. The welding time, ¢, was 
recorded with a direct-inking oscillo- 
graph connected to a current trans- 
former in the welder primary circuit. 

A manometer was constructed 
and calibrated to maintain the water 
flow through the electrodes, welding 
transformer and backup block at a 
constant flow rate of 1.2 gpm. 

Instrumentation and Equipment 
for Measuring Shunting Currents. 
Instrumentation for the measure- 
ment of shunting and backup cur- 
rents had been designed and built in 
a previous investigation? at RPI. 
The same equipment, with a few 
modifications, was used in the pres- 
ent investigation. 

Briefly, a U toroid was con- 
structed by winding 0.0113-in. in- 
sulated magnet wire on a 14-in. 
length of 0.125-in. aluminum, 0.585 
in. wide. The wire was rewound 


“ 
—<— 5 ALUMINUM 
* SHEET 


. 


upon itself and the coil bent into the 
shape of a U. The coil could then 
be inserted between the sheets dur- 
ing welding since one sheet was 
stamped with a die to enable the 
coil to be placed around the other 
straight piece of stock. The volt- 
age signal produced by the coil was 
then fed into one channel of a two- 
channel integrating amplifier, and 
the amplified signal was fed into a 
multichannel recording oscillograph. 
A ring toroid, placed around the 
backup stool, was utilized to meas- 
ure the backup bar current. The 
signal from the ring toroid was fed 
into the other channel of the in- 
tegrating amplifier, and the ampli- 
fied signal was also fed into the re- 
cording oscillograph. The details of 
the U toroid and the method of 
placing the coils around the sheet 
and backup stool are shown in Fig. 
As 

To record primary current, a cur- 
rent transformer was placed in the 
primary of the welding transformer 
and a calibrated 0.00l-ohm shunt 
was connected to the secondary of 
the current transformer. The shunt 
output was fed into the recording 
oscillograph. 

The toroid circuits were calibrated 
by passing current through the 
welding transformer using a 220-v 
variable autotransformer with a 
precision ammeter in the primary 
circuit. The U toroid was placed 
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SCHEMATIC OF TOROID METHOD FOR {* 
MEASURING SHUNTING CURRENTS 


Fig. 1—Details of ‘‘U" toroid and schematic of toroid method for 
measuring shunting currents 
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SECTION AT A-A 
Fig. 2—Details of stools and water-cooled backup block 
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Fig. 3—Sketch of oscillogram showing 
shunt-current distribution in upper and 
lower sheet for 12-cycle weld in de- 
greased-and-pickled stock with 12,400- 
amp secondary current 


around a copper sheet which was 
insulated from the backup circuit, 
and the ring toroid was _ placed 
around one electrode. The second- 
ary current was calculated by multi- 
plying the measured primary cur- 
rent by the transformer turns ratio 
and neglecting magnetization losses 
in the transformer. A _ secondary 
current of up to approximately 2000 
amp could be obtained in this man- 
ner. Using the laboratory welding- 
power supply, calibrations were ob- 
tained for secondary currents of 
5000 amp and above. 

Water-cooled backup blocks were 
designed and constructed so that 
various electrode spacings could be 
obtained. A sketch of this backup 
block is shown in Fig. 2. 


Procedure 

A 2-in. continuous-radius elec- 
trode of RWMA Class 2 material 
was used throughout this investi- 
gation since this electrode was found 
to give the best electrode-tip life in 
a previous investigation at RPI.* 
Two values of electrode force, 480 
and 700 lb, were selected for com- 
parison, and a total current of 12,- 
400 amp was used, since it was the 
maximum current which could be 
used without flashing at any elec- 
trode spacing investigated. The 
weld time was maintained at 12 
cycles, the optimum weld time 
established in a previous investiga- 
tion.' Electrode spacings of 2, 4 
and 6 in. were investigated. 

Two backup blocks were ma- 
chined as shown in Fig. 2: (1) A 
forged-copper backup block with an 


electrical conductivity of nearly 
100% based on the International 
Annealed Copper Standard; (2) 
a cast RWMA Class 5 backup block 
with a conductivity of 11.5% based 
on IACS. 

Two pairs of removable backup 
stools were also machined. One 
pair was machined from the same 
stock as the copper forging, the 
other pair was machined from a 
RWMA Class 3 material with a 
conductivity of 52% based on IACS. 

Using 12,400 amp total current 
and 12 cycles weld time, the effect 
of the following variables on shunt- 
ing currents and _ tensile-shear 
strength was investigated: 


1. Three electrode spacings (2, 
4 and 6 in.). 

2. Two electrode forces (480 and 
700 |b). 
Two different surface condi- 
tions of the steel (as-received 
and degreased-and-pickled). 
Two backup bar materials 
(copper, 100% LACS conduc- 
tivity, and RWMA Class 
5 material, 11.5% IACS 
conductivity ). 
Two backup stool materials 
(copper, 100% LACS conduc- 
tivity and RWMA Class 3 
material, 52% IACS conduc- 
tivity, IACS). 


Forty-eight runs were made in the 
investigation of the effect of the 
above-mentioned variables on shunt- 
ing currents and _ tensile-shear 
strength. The following procedure 
was used for each run: 


1. The secondary welding cur- 
rent was set at 12,400 amp using the 
I*t meter. 
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2. A weld-strength specimen 
(containing two tensile-shear test 
specimens)'* was made using this 
current. 

3. Four specimens were made 
measuring the current passing 
through the top sheet, and four 
duplicate specimens were made 
measuring the current passing 
through the bottom sheet. The 
primary welding current was 
checked during each weld using the 
I*t meter, and the total secondary 
current was recorded with the aid 
of the ring toroid. 

4. A weld-strength specimen was 
made at the completion of the run. 

The average shunting current for 
the first and last three cycles in the 
top and bottom sheets was noted. 
The sum of the measured top, 
bottom and backup currents was 
consistently within five percent of 
the total secondary current. 


Discussion of Results 
General 

Before discussing these results, 
it may be well to review some gen- 
eral aspects of shunting current in 
series spot welding of 0.038-in. 
auto-body stock. 

The largest magnitude shunting 
current is that which passes longi- 
tudinally through the top sheet be- 
tween the electrodes. This current 
does not pass through the faying sur- 
faces and therefore contributes little 
if any heat to the weld. Since the 
initial contact resistance at the fay- 
ing surface is high compared to the 
body resistance of the upper sheet, 
the shunt current through the top 
sheet is high during the first few 
cycles. However, the increase in 
the resistance of the top sheet due 
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Fig. 6—Effect of stool conductivity on 
tensile-shear strength and shunting cur- 
rents, pickled stock, 700-lb electrode 
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Fig. 8—Effect of stool conductivity on 
tensile-shear strength and shunting cur- 
rents, as-received stock, 700-lb electrode 
force, copper backup block 


to Joule heating and the simul- 
taneous decrease of the contact re- 
sistance accompanying the welding 
operation serve to decrease the rela- 
tive magnitude of the shunting cur- 
rent in the top sheet after the first 
few cycles. 

The current passing through the 
bottom sheet between electrodes 
must initially pass through the faying 
interfaces and therefore contributes 
to the weld. However, the shunt- 
ing current in the bottom sheet is of 
considerably lower magnitude than 
that in the top sheet, and is of 
secondary importance. The pres- 
ent investigation showed that the 
shunting current in the bottom sheet 
decreased continuously during the 
weld interval when as-received shock 
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currents, as-received stock, 480-Ib elec- 
trode force, copper backup block 


was used. The decrease in current 
probably results from the increase 
in the resistance of the bottom sheet 
due to Joule heating. In degreased- 
and-pickled stock, however, the 
shunting current in the bottom sheet 
increased slightly during the weld 
period. This probably reflects the 
proportionate increase in current 
through the weld area resulting 
from the observed decrease in the 
shunting current in the top sheet 
during the weld interval. A sketch 
of a typical oscillogram’? showing 
the current distribution in the top 
and bottom sheet for degreased-and- 
pickled stock is shown in Fig. 3. 

An investigation of shunting cur- 
rents in series spot welding? under- 
taken previously at RPI showed 


that, as expected, the shunting cur- 
rent decreased as spacing increased. 
This work also demonstrated that 
a decrease in electrode force and an 
increase in surface contact resistance 
of the stock resulted in an increase 
in shunting current at a 2-in. elec- 
trode spacing. The results also 
indicated that backup bar geom- 
etry had little effect on shunting 
current at the 2-in. electrode spac- 
ing. 

From a practical viewpoint, it 
would appear that the shunting cur- 
rent in the top sheet should always 
be minimized to provide maximum 
efficiency. However, other factors 
may compensate for an increase in 
shunting current produced by a 
change in certain welding conditions. 
For example, with the same welding 
current, decreasing the electrode 
force increases the shunting current 
in the top sheet, but at the same 
time increases the surface-contact 
resistance, thus producing more 
Joule heating at the weld interface 
and, therefore, a stronger weld. 

The results of the present investi- 
gation are summarized in graphical 
form in Figs. 4 through 11. The 
upper portion of each figure shows 
the tensile-shear strength as a 
function of the spot spacing. The 
influence of the spot spacing on the 
average value of the shunting cur- 
rent in the top and bottom sheets 
during the first three cycles of the 
12-cycle weld time is shown in the 
lower portions of these figures. It 
will be noted that the shunting cur- 
rent is normally about twice as large 
in the top sheet as that in the bottom 
sheet, since the bottom sheet is 
nearer the low-resistance path pro- 
vided by the backup bar. 

The over-all accuracy of measure- 
ment of the shunting currents is be- 
lieved to be approximately +5°%%. 
Therefore, to establish the exist- 
ence of a significant trend, differ- 
ences of more than +5% must be 
observed in the shunting currents as 
a result of a change in a particular 
welding variable. By the same 
token, a change in a given welding 
variable producing greater than 
+29 change in the tensile-shear 
strength may be taken as signifi- 
cant with degreased-and-pickled 
stock. With as-received stock, a 
change in tensile-shear strength of 
greater than +4% is necessary to 
establish significance since the con- 
sistency of results was poorer with 
the as-received stock. 


The Effect of Stool Conductivity with 
Degreased-and-Pickled Stock 

Welds were made with stools 
machined from copper (IACS con- 
ductivity, 100°) and RWMA Class 











3 electrode material (IACS con- 
ductivity, 52%) in order to study 
the effect of stool conductivity on 
weld strength and shunting cur- 
rents. The results of this study are 
summarized in Figs. 6, 7, 10 and 11. 
The solid curves in these figures 
represent the results obtained with 
copper backup stools, while the 
dashed curves were obtained with 
RWMaA Class 3 stools. Examina- 
tion of Figs. 6 and 10 for backup 
blocks of RWMA Class 5 and of 
copper, respectively, shows that the 
tensile-shear strength of welds made 
with degreased-and-pickled stock 
and an electrode force of 700 lb was 
independent of the conductivity of 
the stools, since the data for copper 
and Class 3 stock coincide in each 
figure. The slight differences be- 
tween the shunting currents for 
copper and for Class 3 stools are not 
believed to be significant, since the 
maximum change in the shunt cur- 
rent measured at any particular 
value of spot spacing is of the same 
order of magnitude as the experi- 
mental error. 

Figures 7 and 11 for backup 
blocks of RW MA Class 5 (LACS con- 
ductivity, 11.5%) and of copper, 
respectively, present similar data 
for pickled stock with an electrode 
force of 480 lb. Again, the differ- 
ence in weld strength is negligible 
between welds made with copper 
stools and those made with Class 3 
stools. The shunting currents in 
both the top and bottom sheets 
appear to be slightly higher with the 
Class 3 stools, but the observed 
differences are all within the ex- 
perimental error and therefore are 
of questionable significance. 


The Effect of Stool Conductivity with 
As-Received Stock 

Figures 4 and 8, for RWMA 
Class 5 and copper backup blocks, 
respectively, show the effect of 
stool conductivity for as-received 
stock with an electrode force of 
700 lb. The tensile-shear strength 
curves for the welds made with 
Class 3 stools are slightly above the 
corresponding curves for copper 
stools. With the Class 5 backup 
block, the difference is slight but, 
with the copper backup blocks 
(Fig. 8), the difference is 350-500 
lb and is believed significant. Ap- 
parently the combination of copper 
stools and copper backup block with 
as-received stock disturbs the heat 
balance and reduces the weld 
strength. 

The shunting currents in the top 
sheet are not markedly altered by 
the conductivity of the stool with 
as-received stock either, as may be 
verified by examination of Figs. 
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Fig. 10—Effect of stool conductivity on 
tensile-shear strength and shunting cur- 
rents, pickled stock, 700-lb electrode 
force, copper backup block 


4 and 8. The somewhat lower 
shunting current measured in the 
bottom sheet at the lower values of 
spot spacing with Class 3 stools is 
difficult to justify theoretically but, 
fortunately, is not of commercial 
significance for reasons discussed in a 
previous section. 

With an electrode force of 480 
lb and RWMA Class 5 backup 
blocks, the weld strength and shunt- 
ing currents were essentially in- 
pendent of stool conductivity as 
may be seen from Fig. 5. With 
copper backup blocks and a 480- 


lb electrode force, however, the 
Class 3 stools seem to provide 


slightly higher strength at the 6-in. 
spot spacing (refer to Fig. 9). 
However, the observed increase in 
strength is only slightly greater 
than the known experimental error 
and is therefore of slight significance. 
The shunting currents for the 2-in. 
spot spacing with the Class 3 stools 
again seem to be slightly greater 
than with copper stools both in the 
top and bottom sheets. 


Effect of Backup-Block Conductivity 
with Degreased-and-Pickled Stock 
Figure 12, obtained by rearrang- 
ing the data previously shown in 
Figs. 6, 7, 10 and 11, shows the effect 
of backup-block conductivity with 
degreased-and-pickled stock for a 
variety of welding conditions. In 
all cases, the dashed curves in Fig. 
12 summarize the data obtained 
using a backup block machined from 
RWMA Class 5 material (IACS 
conductivity, 11.5%). The solid 
curves show similar data for welds 
made using a copper backup blocks 
(IACS conductivity. 100%). The 
general layout of the graphs is 
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identical with that used in con- 
structing Figs. 4 through 11 except 
that the experimental points have 
been omitted and the four pertinent 
plots have been assembled side by 
side for easy comparison. 

Figure 12, A, shows the effect of 
backup-block conductivity on the 
tensile-shear strength and shunting 
currents for welds made with copper 
stools and a 700-lb electrode force 
using degreased-and-pickled stock. 
It should be noted that the tensile- 
shear strength and shunting cur- 
rents in the top sheet are not sig- 
nificantly altered by changing the 
backup block conductivity from 
100% (copper backup block) to 
11.5% (Class 5 backup block), the 
observed differences being within 
the experimental error. The shunt- 
ing current in the bottom sheet 
appears to be slightly higher with 
the Class 5 backup block. The 
substitution of a higher resistance 
in one arm of a circuit contain- 
ing three parallel resistance paths 
would be expected to increase the 
proportion of the current carried by 
the other two arms, however; so, 
the observed effect on the shunt 
currents is understandable. 

The same trends were observed 
Fig. 12, B) when welds were made 
using copper stools and a 480-lb 
electrode force with degreased-and- 
pickled stock. The observed differ- 
ence between the _ tensile-shear 
strength values obtained with copper 
and with Class 5 backup bars is less 
than the experimental error and is 
therefore probably not significant. 

Figure 12, C and D, presents data 
similar to those shown in Fig. 12, A 
and B, but for welds made using 
RWMaA Class 3 stools. With the 
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Fig. 12—Comparison curves showing effect of backup-block conductivity with pickled 


stock 
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Fig. 13 Comparison curves showing effect of backup-block conductivity with as-received 


stock 


Class 3 stools and degreased-and- 
pickled stock, the shunting currents 
appear to be slightly greater with the 
Class 5 backup bar than with the 
copper backup bar. The average 
weld strength was not materially in- 
fluenced by the change in the con- 
ductivity of the backup bar with 
either the 700- or the 480-lb elec- 
trode force. However, the ob- 
served strengths were less consistent 
with the 480-lb electrode force re- 
gardless of the backup bar material 
used, thus accounting for the poorer 
agreement between the two strength 
curves in Fig. 12, D. 
The Effect of Backup-Block Conductivity 
with As-Received Stock 

Figure 13, compiled by rearrang- 
ing the data shown previously in 
Figs. 4, 5, 8 and 9, shows the effect 
of backup-block conductivity with 
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as-received stock. In all cases, the 
dashed curves summarize the data 
obtained using a_ backup block 
machined from low conductivity, 
RWMA Class 5 material, while the 
solid curves represent the data 
obtained with the copper backup 
blocks. 


It is of interest to note that, with 
the 700-lb electrode force, the weld 
strength is much less sensitive to 
spot spacing when the lower con- 
ductivity Class 5 backup blocks are 
employed. This is readily verified 
by comparison of the dashed curves 
(Class 5 backup blocks) with the 
solid curves (copper backup blocks) 
in Fig. 13, A and C. It is im- 
mediately evident that the differ- 
ence in weld strength produced by 
reducing the spot spacing from 6 to 
2 in. is much less with the lower- 


conductivity Class 5 backup blocks 
regardless of stool composition. 
With the lower electrode force of 
480 lb, the situation appears to be 
reversed, and a greater influence of 
spot spacing on weld strength is 
apparent with the Class 5 backup 
blocks. However, since the varia- 
tion in the strengths measured for 
welds made under identical condi- 
tions is greater with the 480-lb elec- 
trode force, little significance can be 
attached to the difference between 
the two strength curves in Fig. 13, 
B, and none to the small difference 
shown in Fig. 13, D. 

The differences in the observed 
values of shunting currents with the 
two backup block materials are not 
sufficient to explain the rather large 
differences in weld strengths, par- 
ticularly at the 2-in. spot spacing. 
This suggests one of two alter- 
natives: (1) Either the difference in 
shunting-current magnitude _ re- 
quired to produce the observed 
differences in strength described 
above is less than the experimental 
error in measurement or (2) the ob- 
served differences in weld strength 
are due primarily to the difference 
in the thermal conductivity of the 
backup bar. 


The Effect of Electrode Force 

Figure 14, compiled by rearrange- 
ment of the data previously pre- 
sented, shows the effect of electrode 
force on the tensile-shear strength 
and shunting currents. Figure 14, 
A, compares the results obtained 
with copper stools and a copper 
backup block using as-received stock. 
Examination of this figure reveals 
that the strengths obtained with the 
lower electrode force of 480 |b are 
significantly greater than those ob- 
tained with the 700-lb force. This 
is true in spite of the slightly higher 
shunting current in the top sheet 
observed with the lower electrode 
force. Apparently, the increase in 
contact resistance associated with 
the lower force causes sufficient in- 
crease in Joule heating at the faying 
surface to compensate for the reduc- 
tion in the proportion of the total 


current which actually passes 
through the faying surface. Fur- 
ther examination of Fig. 14, A, 


reveals that the strengths of the 
welds made with copper stools and 
a copper backup in as-received stock 
were much less sensitive to spot 
spacing when the lower electrode 
force of 480 lb was employed. 
Figure 14, B, shows similar data 
for welds made in degreased-and- 
pickled stock using copper stools 
and a copper backup block. It may 
be seen by inspection of the above 
figure that the higher contact resist- 

















ance associated with the lower 
electrode force of 480 lb again pro- 
duces significantly higher tensile- 
shear strength in the welds. In the 
present case, however, the curves 
for the weld strength as a function 
of spot spacing are roughly parallel, 
indicating that, with pickled stock, 
the effect of spot spacing on weld 
strength is roughly independent of 
electrode force. 

Figure 14, C, shows the effect 
of electrode force on the weld 
strength and shunting currents for 
as-received stock welded with copper 
stools and an RWMA Class 5 backup 
block. While the _ tensile-shear 
strength of the welds made with the 
lower electrode force of 480 Ib is 
significantly higher than for those 
made with the 700-lb force, the effect 
of spot spacing on weld strength is 
less with the 700-lb electrode force. 

Figure 14, D, shows the effect 
of electrode force on the tensile- 
shear strength and shunting cur- 
rents with as-received stock welded 
with RWMA Class 3 stools and an 
RWMaA Class 5 backup block. As 
may be seen by inspection, the 
lower electrode force still provides 
welds of higher strength, and since 
the two curves are roughly parallel, 
it may be concluded that the effect 
of spot spacing is independent of 
electrode force. 


The Effect of Spot Spacing 

With degreased-and-pickled stock, 
decreasing the spot spacing from 
6 to 2 in. roughly doubles the shunt- 
ing current in the top sheet regard- 
less of the other welding conditions 
employed as may be seen by inspec- 
tion of Figs.6,7,10and11. Exam- 
ination of these figures reveals that 
the shunting current in the top sheet 
ranges between 2000 and 2200 amp 
with the 6-in. spot spacing, and in- 
creases to 3500-4200 amp with the 
2-in. spot spacing. The shunting 
current in the lower sheet increases 
by about 50-80% from about 1000 
amp to 1500-1800 amp when the 
spot spacing was decreased from 
6 to 2 in. 

With as-received stock, decreas- 
ing the spot spacing from 6 to 2 in. 
again roughly doubles the shunt- 
ing current in the top sheet regard- 
less of the welding conditions em- 
ployed, as may be seen by inspection 
of Figs. 4,5,8 and 9. The observed 
shunting currents in the top sheet 
ranged from 2300 to 2900 amp 
with the 6-in. spot spacing to 
4600-5200 amp with the 2-in. spot 
spacing. The shunting currents in 
the lower sheet ranged from 1100 to 
1500 amp with the 6-in. spot spacing 
to 2100-3000 amp with the 2-in. 
spot spacing. In general, the shunt- 
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Fig. 14—Comparison curves showing effect of electrode force 


ing currents are significantly higher 
with the as-received stock than with 
the degreased-and-pickled stock, as 
would be expected in view of the 
higher surface-contact-resistance of 
the as-received stock. 

It is of interest to note that the 
weld strength is decreased by less 
than 10% by reducing the spot 
spacing from 6 to 2 in. for most of 
the welding conditions studied. 
The notable exception is provided 
by welds made in as-received stock 
using a copper backup block with an 
electrode force of 700 lb. With this 
combination of welding variables, 
the weld strength diminished by 
about 16% when the spot spacing 
was reduced from 6 to 2 in. This 
observation may be verified by 
examination of Fig. 8, where the 
marked influence of spot spacing is 
immediately evident from the steep 
slope of the weld-strength curves 
for both the copper and the Class 3 
stools. It is of further interest to 
note that the weld strength is 
rendered relatively insensitive to 
spot spacing even with the copper 
backup block if the electrode force 
is reduced to 480 Ib. 

From the above observations, it 
appears that the effect-.of spot spac- 
ing on the weld strength may be 
minimized by utilizing a backup 
block constructed of a material of 
low conductivity. While it was not 
within the scope of the present in- 
vestigation, it now would appear 
desirable to investigate the use of 
backup blocks constructed of an 
alloy whose resistivity is comparable 
to that of the stock being welded. 
Under such conditions, changes in 
the weld spacing should not alter 
the current distribution among the 


alternate shunt paths materially, 
and thus the weld strength should be 
rendered even less sensitive to spot 
spacing. 

The results of the present in- 
vestigation indicate no advantage 
from using backup blocks made of 
the more expensive high-conduc- 
tivity copper. On the contrary, the 
use of copper backup blocks actually 
increases the dependence of weld 
strength upon spot spacing, and, if 
comparable weld strengths are re- 
quired, would necessitate employing 
markedly greater welding currents 
at the smaller spot spacings. Since 
this practice would materially re- 
duce the electrode life, such a con- 
dition is to be avoided wherever 
possible. While the dependence of 
the weld strength on spot spacing 
with a copper backup block may 
also be reduced by lowering the 
electrode force to 480 lb, the in- 
creased tendency for spitting at the 
electrode faces with the lower force 
would also tend to reduce the elec- 
trode life. 


Conclusions 

The following conclusions were 
reached as a result of the present 
investigation of the series spot weld- 
ing of 0.038-in. auto-body steel. 

1. The shunting current in the 
top sheet of a series spot weld is 
normally approximately twice as 
large as that through the bottom 
sheet regardless of spot spacing or 
welding conditions. 

2. The shunting current in the 
top sheet ranges from 2000 to 2700 
amp with a 6-in. spot spacing to 
from 3400 to 5200 amp with a 2-in. 
spot spacing. 

3. Both 


tensile-shear strength 
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of series spot welds and the shunt- 
ing currents are essentially inde- 
pendent of the conductivity of the 
backup stools. 

4. Both the tensile-shear strength 
and the shunting currents are essen- 
tially independent of backup block 
conductivity with degreased-and- 
pickled stock. 

5. With as-received stock and a 
700-lb electrode force, the tensile- 
shear strength is significantly re- 
duced for welds made with a 2-in. 
spot spacing when a copper backup 
block is substituted for one made 
of the lower conductivity RWMA 
Class 5 material. 

6. The strengths of welds made 
using 12,400 amp with an electrode 
force of 480 lb are normally 500 to 
1000 |b greater than for correspond- 
ing welds made with an electrode 
force of 700 lb, for both as-received 
and degreased-and-pickled — stock. 


However, the tendency for flashing 
at the electrode faces is greater with 
the lower force. 

7. Decreasing the spot spacing 
from 6 to 2 in. generally decreases 
the weld strength by approximately 
10% and roughly doubles the shunt- 
ing current in the top sheet. How- 
ever, with the high-conductivity 
copper backup block, decreasing the 
weld spacing from 6 to 2 in. causes 
a decrease in weld strength of more 
than 16% with the 700-lb electrode 
force and as-received stock. 

8. There appears to be no ad- 
vantage gained by employing copper 
in place of a cheaper lower-con- 
ductivity alloy as a backup block. 
In fact, the use of a copper backup 
block renders the weld strength 
more sensitive to spot spacing. 
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Strain Gages 


Elevated Temperature Strain Gages, 
STP 230, 176 pages, hard cover, 
6x9 in., $4.50. Published by Amer- 
ican Society for Testing Materials, 
1916 Race St., Philadelphia 3, Pa. 

With the growing necessity for 
measuring strain and elevated tem- 
peratures, a great deal of work has 
been concentrated on the develop- 
ment of suitable strain gages for the 
purpose. The increasingly higher 
temperatures to which materials are 
now subjected in aircraft engines, 
air frames, nuclear reactor struc- 
tures, steam turbines, and other in- 
dustrial and military products have 
resulted in an increasing need for 
strain gages capable of measuring 
strains at temperatures above 600° 


This symposium includes 14 pa- 
pers and panel discussion by 10 
speakers covering many aspects of 
elevated temperature strain gages. 
The subjects covered include: sev- 
eral types of strain gages includ- 
ing resistance wire, metal-film, foil 
and optical; gage alloys; bonding 
agents; and temperature compen- 
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sation techniques. It is noted that 
no investigator has reported upon 
a device to replace the _ resist- 
ance gage although the short- 
comings of the latter at elevated 
temperatures are well documented 
in the symposium. This is an ex- 
tremely useful contribution to the 
literature on strain gages, covering 
as it does many aspects of their use 
not available even from the gage 
manufacturers. 


Adhesives in Metal Bonds 


Research to reveal the mecha- 
nisms of observed deterioration of 
organic-base adhesives employed in 
metal-to-metal bonds in service at 
elevated temperatures is the sub- 
ject of a report for the Air Force just 
released to industry through the 
Office of Technical Services, U. S. 
Department of Commerce. 

The work involved a study of the 
performance characteristics of lab- 
oratory-formulated phenol-formal- 
dehyde-epoxy resin adhesives pre- 
viously shown to be one of the more 
heat-resistant types of adhesives for 
bonding metal. The thermal resist- 
ance of adhesive bonds in alumi- 
num and stainless steel as affected by 
preparation of the metal surface, 
curing conditions, aging tempera- 
ture, aging time, atmosphere during 
aging, and stress during aging were 
investigated. 


Among the results, it was found 
that the aging of aluminum bonds at 
300 and 400° F under stress in- 
creased the strength of bonds later 
tested at —70 and 80° F by as much 
as 30%. Cycling of bonded alumi- 
num and stainless steel between 
temperatures of 450 and —55° F 
produced no evidence of failure 
caused by thermal shock or differ- 
ences in expansion between adhesive 
and adherend. 

The report, PB 131500 A Study 
of the Deterioration of Adhesives in 
Metal Bonds at High Temperatures, 
J. M. Black and R. F. Blomquist, 
U. S. Department of Agriculture 
for Wright Air Development Center, 
U. S. Air Force, March 1956, may 
be purchased from OTS, U. S. De- 
partment of Commerce, Washing- 
ton 25, D. C. It contains 45 pages, 
price $1.25. 


100-KV X-Ray Spectograph 


A new 100-kv Norelco X-ray 
spectrograph, operating at twice the 
potential formerly available and in- 
corporating many design improve- 
ments for the rapid qualitative and 
quantitative analysis for elements in 
liquids, powders and solids, is avail- 
able from the Instruments Division, 
Philips Electronics, Inc., 750 S. 
Fulton Ave., Mount Vernon, N. Y. 
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Properties Affecting Suitability of 9 Percent Nickel Steel 
for Low-Temperature Service 


Data are presented which show that low-carbon 

9 percent nickel steel in the double-normalized and 
stress-relieved condition retains considerable notch toughness 
at temperatures down to that of liquid nitrogen 


BY T.N. ARMSTRONG, J. 


ABSTRACT. The mechanical prop- 
erties of a low-carbon 9% nickel steel 
intended for low-temperature service 
and the effect of some fabrication op- 
erations on these properties are de- 
scribed. 

Charpy values for both keyhole and 
V-notch specimens are reported for 
test temperatures down to —320° F 
and results are given for drop-weight 
tests on '/.- and 1-in. plate at —320° F. 

Details of welding procedures, using 
both the metal-arc process with covered 
electrodes and the inert-gas-shielded 
metal-arc process are described and 
test values for welds made by each 
process are given. Also included are 
impact tests on as-welded specimens. 

Fatigue properties and comparison 
of plastic-fatigue strength with that 
of several other pressure-vessel steels 
are included. 

Data on effect of up to 10% plastic 
strain on impact properties and effect 
of subsequent thermal stress relieving 
are presented. 

The effect of temperatures as low as 
—320° F on tensile properties of 9% 
nickel steel plate and on plate welded 
with Inconel-type wire was determined. 


Introduction 

The problems associated with the 
selection of constructural materials 
for low-temperature service are 
more complex than comparison 
of the low-temperature behaviors 
under a controlled set of conditions. 
Cost is nearly always a primary 
consideration and involves not 
only the cost of the material but 
the cost of fabrication and inspec- 
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Fig. 1—Probable range of keyhole Charpy impact values for normalized 


and stress-relieved 9% nickel steel 


tion. The type of fabrication 
required may create problems 
with certain materials and of equal 
importance may be the avail- 
ability in the sizes and forms re- 
quired. If special skills are neces- 
sary for fabrication, facilities where 
such skills are employed may not be 
available. Each of these factors 
should be weighed before making the 
final selection since there are a 
number of materials which perform 
satisfactorily under low-temperature 
environments but relatively few 
which also meet the conditions of 
being readily available in a variety 
of shapes and sizes which can be 
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formed and welded by the usual 
commercial processes and which can 
be procured at a moderate cost. 

Low-carbon 9% nickel steel is a 
material that meets most of these 
requirements. 

Low-carbon 9° nickel steel is a 
ferritic steel that was developed 
specifically to meet the need for a 
moderately priced material that 
could be used in equipment for pro- 
ducing oxygen in large tonnages. 
It has been used to a limited extent 
in storage vessels for liquid oxygen 
and in regenerators for oxygen 
plants. Lack of availability, a 
condition which no longer exists, 
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impact values for normalized and stress- 
relieved 9% nickel steel 


has been responsible for the rela- 
tively few field applications at this 
time, but the list is rapidly increas- 
ing. 

When the early test work was 
performed on this steel,' the criterion 
for satisfactory performance at low 
temperatures was the ability to meet 
a minimum of 15 ft-lb when key- 
hole-notch Charpy impact specimens 
were tested at the lowest service 
temperature. Since the steel in the 
normalized and stress-relieved con- 
dition would meet this requirement 
readily at a temperature of —320° 
F (Fig. 1), it was considered prom- 
ising for service at temperatures as 
low as that of liquid nitrogen. 

The keyhole Charpy test require- 
ment of 15 ft-lb is still employed in 
many specifications, and, although 
there has been no published record 
of any service failure of pressure 
vessels due to embrittlement of steels 
that met this requirement at the 
lowest service temperature, evidence 
has been presented that casts some 
doubt on acceptance of this criterion 
for insuring freedom from brittle 
failure. More recently, the trend 
has been to employ the V-notch 
Charpy test and to require different 
energy-absorption levels for differ- 
ent steels. The minimum Charpy 
value selected is based on fracture 
appearance or upon the tempera- 
ture of crack propagation as deter- 
mined in some other type of test.* 


Composition and Tensile 


Requirements 
Low-carbon 9° nickel steel is 
covered by ASTM Specification 


A353. The nominal 
requirements are: 


composition 


Carbon, max ..0.13 
Manganese, max %% .0.80 
Silicon, % .0.25 
Nickel, % .9.00 


The recommended heat treat- 
ment is double normalizing at 1650 
and 1450° F, followed by stress 
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relieving at 1050° F for a minimum 
of 2hr. Tensile properties required 
for plate which has been treated in 
this manner are as follows: 


Tensile strength, min psi. . . .90,000 
Yield strength, min psi (0.2% offset) 

aad 60 ,000 
Elongation in 2 in., min %... .22.0 


The plates on which the tests re- 
ported herein were made were from 
two commercial melts of the follow- 
ing analyses: 


impact Properties of Plate 

Over a period of several years a 
sufficient number of tests have been 
made on specimens taken from plate 
rolled from commercial melts to 
establish the characteristic impact 
behavior at low temperatures. 
Initially, most of the tests were on 
keyhole Charpy specimens but more 
recently the greater number of tests 
have been made using V-notched 
Charpy specimens. 








Plate 
thickness, Carbon, Manganese, Silicon, Nickel, 
in. Melt % % % % 
5/ig and 1 A 0.12 0.54 0.32 8.90 
"/s B 0.09 0.74 0.12 8.85 
Heat A was a 100-ton open-hearth Without exception, keyhole 


melt and heat B was a 20-ton elec- 
tric-furnace melt. The plates were 
double normalized when received 
from the mill. 

Tensile properties of plates from 
the two melts, in the double nor- 
malized and stress-relieved condi- 
tion, were: 





Yield 
strength, 

Thick- (0.2% Tensile Elon- 
ness, offset), strength, gation, 
in. psi psi % 
5/16* 106,000 115,000 24.0 
'/s 102,000 124,000 24.0 
1 87,000 110,000 25.0 





* 0.252-in. diam x 1.00-in. gage-length specimen. 
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Charpy values for acceptable quality 
9% nickel-steel plate in thickness 
up to and including 1 in., double 
normalized and stress relieved at 
1050° F, have fallen within the 
scatter band shown in Fig.1. Since 
there is no inflection point on the 
keyhole Charpy curve for this steel 
at temperatures down to —320° F, 
tests generally are made only at 
temperatures of 70 and —320° F. 


The scatter band for V-notch 
Charpy impact tests is shown in 
Fig. 2. Two inflection points occur 
on the V-notch curve, one at 
temperatures slightly below —100° 
F and the other within the tempera- 
ture range of —250 to —300° F, 


C,0.10, Mn,0.75 Ni,8.63 % 


Tensile p.s.i. 115,500 


Yield p.s-i. 104,000 


Elong. in2", % 260 


Red.of Area, Ye 6.40 


45° 1Omil root radius notch 
° 


10° 10” 


CcYCcLEsS 
Fig. 3—S-N curves for notched and unnotched specimens of normalized 


and stress-relieved 9% nickel steel 














where the curve again flattens out. 
The value for absorbed energy at 
this lower point usually exceeds 
28 ft-lb, and nearly always is higher 
than the keyhole Charpy value for 
the same steel at the same test 
temperature. Fracture appearance 
of specimens tested at —320° F 
varies somewhat with the thickness 
of the plate from which the speci- 
mens were taken. For 1-in. thick 
plate the average percentage of 
shear fracture usually will be about 
10%. 


Drop-Weight fests 

Drop-weight tests have been per- 
formed on '/,-in. and on 1-in. thick 
plate and fracture did not propagate 
at test temperatures as low as —320 
F, indicating the nil ductility transi- 
tion (NDT)* is below this tempera- 
ture. 


Fatigue Properties 

Fatigue properties for polished 
cylindrical bars and for specimens 
containing a 45-deg notch were 
determined in conventional rotating- 
beam machines and results are 
shown in Fig. 3. An endurance 
limit of 72,000 psi was obtained on 
unnotched specimens which results 
in an endurance ratio of 62.3°%, at 
the measured level of tensilestrength. 
The endurance limit of 27,000 psi 
obtained with notched specimens 
indicates a notch sensitivity of 2.66, 
which is about the same sensitivity 
as determined for normalized and 
tempered 3'/.% nickel steel. 

The resistance to plastic fatigue 
was determined in a special machine 
designed at Lehigh University.‘ 
Results are compared to other struc- 
tural plate material in Fig. 4. 
Plastic-fatigue resistance of pres- 
sure-vessel materials is most com- 
monly evaluated as the allowable 
strain range producing failure in 
100,000 cycles. This cycle life is 
considered typical for pressure- 
vessel service. At this cycle life, the 
allowable strain range has been 
observed to depend primarily on the 
tensile strength of the material. 
Low-carbon 9% nickel steel in the 
normalized and stress-relieved con- 
dition exhibits exceptionally good 
plastic-fatigue resistance. This 
superiority is retained at lower 
cycle lives which have been observed 
to depend increasingly upon duc- 
tility. The usual loss in plastic 
fatigue at high strains character- 
istic of lower-ductility, high-strength 
steels is not experienced by low- 
carbon 9% nickel steel. This gen- 
eral rule is obeyed when the nor- 
malized material is compared to 
that which has been normalized and 
stress relieved. The slight loss in 
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Fig. 4—-Plastic-fatigue behavior of 9% nickel steel compared with 
plastic-fatigue behavior of typical pressure-vessel steels 


tensile strength and increase in 
elongation due to stress relieving 
reduces the allowable strain range 
at 100,000 cycles while increasing 
the stain range at 5000 cycles. 


Welding 

No difficulty was experienced in 
welding 9% nickel-steel plate by the 
metal-arc process, but welds made 
with a covered electrode of about 
the same analysis as the plate 
material were unsatisfactory be- 
cause some cracking trouble was 
encountered in the weld metal. 
Also, the low-temperature impact 
properties of the weld metal were 
inadequate. Several attempts were 
made to develop a_ satisfactory 
ferritic electrode with high-nickel 
content but none were successful. 
Electrodes of 25-20 chromium-nickel 
stainless steel (Type 310) gave 
excellent results except that tensile 
strength of the weld metal did not 
meet the minimum tensile-strength 
requirements for the plate.’ Since 
an allowable working stress value of 
22,500 psi has been assigned to 9° 
nickel steel for service at tempera- 
tures below 600° F in the ASME 
Boiler and Pressure Vessel Code, the 
use of 25-20 electrodes does not 
permit use of the specified strength 
value of the plate in design. 

Within the last several years, 
both a bare-wire composition and a 
covered electrode of the Inconel 
type have been developed which 
have been very successful for weld- 
ing complex iron-base and _ nickel- 
base alloys. In addition to the usual 
elements, the weld metal deposited 
by the covered electrode contains 
controlled additions of manganese, 
columbium and molybdenum; that 


deposited by the bare wire contains 
additions of manganese and tita- 
nium which reduce sensitivity to 
iron dilution on welding. 

In one series of tests, welds were 
made using three different thick- 
nesses of double normalized 9% 
nickel-steel plate, namely, °/\, 1/2 
and 1 in. One weld was made in 
each plate with covered electrodes 
and one weld in each thickness was 
made by the _inert-gas-shielded 
metal-arc process. Manual weld- 
ing was employed in both cases. 

Two plates 18 x 36 in. were 
prepared for each weld. The plates 
were restrained by clamping securely 
to a heavy platen, and against a 
grooved copper backing bar. All 
welds were completed from one 
side, cooled to room temperature 
before unclamping, the root of the 
weld ground out and the root seal- 
bead welded without reclamping 
the plate. When preheat was ap- 
plied, the weld was reheated to the 
preheating temperature before weld- 
ing the root-seal pass. In making 
the welds with covered electrodes, 
all of the weld craters were ground 
out before restriking the arc, since 
crater cracks were detected. In 
making the inert-gas metal-arc welds 
the entire 36-in. length was welded 
in one pass, and the weld was either 
wire brushed or ground between 
passes. 

Details of welding conditions are 
reported in Tables 1 and 2. After 
welding, the weldments were radio 
graphed and stress relieved for 
2 hr at 1050° F. 

Mechanical tests of the weldments 
included low-temperature impact 
testing and the standard welding- 
qualification tests prescribed in 
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Table 1—Manual Arc Welds with Special Inconel Covered Electrodes 





——— Plate thickness, in.———_—— 


5/16 '/s 
Joint design Single V, 80-deg Single V, 80-deg 
angle angle 

ae. erro 1/16 
Preheat, ° F None None 
Interpass temperature,°F 200 max 200 max 
Electrode diameter, in. 5/39 5/32 
Welding current (dc, re- 

verse polarity) amp 130 135 


Bead sequence, other than 
root seal 1 single, 2 seal 


sea 


4 overlapping, 3 


—, 


1 
Single V, 70-deg 
angle 
5/39 
None 
200 max 
1/5, 5/32 and */i¢ 


90-100, 125-130, 
145-155 


19 on face, 5 on 
root 








Table 2—Inert-Gas-Shielded Metal-Arc Welds with Special Inconel Consumable Wire 


——_———Plate thickness, in.— 


5/16 . 2 
Joint design Single V, 80-deg Single V, 80-deg 
angle angle 

Root opening, in. 0.037 0.037 
Preheat, ° F 400 400 
Interpass temperature,° F 300-400 300-400 
Wire diameter, in. 0.062 0.062 
Wire feed ipm 190 200 
Gas flow, argon, cfh 50 60 
Welding current (dc re- 

verse polarity) amp 290-300 290 


Bead sequence, other than 


root seal 1 single, 2 seal 


2 single, 2 seal 


1 
Double V, 80-deg 
angle 


250-300 
0.062 
225 

50 


275-290 


7 and 9 








Table 3—Results of Transverse-Strip Tension Tests of Low-Carbon 


9% Nickel-Steel Weldments (Specimens Stress Relieved at 1050° F) 








Yield 
strength 
(0.2% Tensile Elongation in 
offset), strength, l-in. 2-in. Location of 
Electrode psi psi % % failure 
5/i,-in. plate 
Inert-gas consumable wire 57,400 99,700 17.0 9.0 Weld metal 
Covered electrode 58,600 97,000 14.0 7.0 Weld metal 
'/in. plate 
Inert-gas consumable wire 55,000 104,000 20.4 11.5 Weld metal 
Covered electrode 62,700 102,000 16.0 9.2 Weld metal 
l-in. plate 
Inert-gas consumable wire 60,500 98 ,000 20.0 11.0 Weld metal 
Covered electrode 63,000 106,000 18.0 10.0 Weld metal 
Table 4—Results of Special Inconel Weld-Metal Tension Tests Taken 
from Butt Welds of 9% Nickel Steel 
Yield strength Tensile 
(0.2% offset), strength, Elongation, 
Electrode psi psi % in 1in. 
5/i-in. plate (0.252 x 1.00 in.) 
Inert-gas consumable wire 47,000 91,400 40.5 
Covered electrode 45,400 82,900 30.0 
1/,-in. plate (0.252 x 1.00 in.) 
Inert-gas consumable wire 54,200 96,500 44.5 
Covered electrode 56,000 91,400 36.0 
1-in. plate (0.252 x 1.00 in.) 
Inert-gas consumable wire 60,000 99,000 45.0 
Covered electrode 61,000 97,500 39.0 
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Section IX of the ASME Boiler 
and Pressure Vessel Code. 


Welding-Qualification Tests 

Results of the transverse-strip 
tension tests are recorded in Table 3. 
The general suitability of the special 
Inconel composition for use with 
low-carbon 9% nickel steel is in- 
dicated. Tensile strengths are sub- 
stantially in excess of the 90,000 
psi minimum required of the plate 
material providing 100% joint fac- 
tor. However, the yield strength 
closely approximates the 60,000 psi 
minimum with values both above 
and below. The elongation is some- 
what below the plate minimum be- 
cause of the lack of participation of 
the base plate in the plastic-de- 
formation process. This is expected 
since the tensile strength of the weld 
metal barely equals the yield 
strength of the base plate. When 
the gage length is reduced from 2 in. 
to 1 in., the elongation is doubled. 
A further decrease to include only 
weld metal would have resulted in a 
further increase in elongation, prob- 
ably in excess of the minimum re- 
quirement. 

The inherent ductility of the 
special Inconel weld metal is evi- 
dent from examination of Table 4. 
The average elongation of the 
weld-metal tension-test specimens 
is almost double the base-plate 
minimum. However, both yield 
strength and tensile strength are 
reduced when the constraining in- 
fluence of the base plate is removed. 
The 1- and '/.-in. plate weld metal 
meet the base-plate tensile-strength 
minimum by either welding process. 
The */,,-in. plate meets the minimum 
by the inert-gas process but is 
slightly below the minimum when 
covered electrodes are employed. 

When yield strength of the weld 
metal and base metal are not the 
same, all of the elongation in the 
tensile test and in the conventional 
side-bend test takes place in the 
material of lower yield strength. If 
this happens to be the weld metal, 
elongation in the side-bend test is 
confined to a relatively short length 
and total elongation across the weld 
is misleading. Since the bend test 
is employed to determine how the 
base metal, the heat-affected zone 
and the weld metal perform in a 
composite structure when subjected 
to bending, the longitudinal bend 
test is a much better measure of 
such performance. For that reason 
the ASME Boiler and Pressure 
Vessel Code permits the longitudinal 
bend test in qualifying 9° nickel 
steel welded with special Inconel- 
type electrodes. 

Longitudinal bend 


tests were 








Thickness, in. 
Face bend 





5/16 


Inert-gas consumable wire 


Root bend 


Fig. 5—Longitudinal bend tests of welded and stress-relieved 9% nickel-steel plate 


passed in both gages with both 
welding processes as indicated in 
Table 5 and Fig. 5. In only three 
of the twenty-four specimens were 
any visible cracks detected and these 
were found to be shorter than the 
permissible '/, in. 

Figure 6 shows transverse bend 
of welds in 1-in. thick plate, which 
satisfactorily passed the require- 
ments. 


Impact Properties of Weldment 

V-notch and keyhole Charpy 
specimens were tested at 75 and 
—320° F (liquid nitrogen). Energy 
absorption of the weld metal and 
fusion line are compared to base 
plate in Table 6. In the 1- and !/.- 
in. weldments, standard-size speci- 
mens were employed. All-weld- 
metal fractures exhibited 100%, fib- 
rous fracture. Energy absorptions 
were extremely high and decreased 
only slightly from 75 to —320° F. 
Base-plate energies decreased sub- 
stantially at —320° F with approxi- 
mately 10% fibrous fracture for V- 
notch specimens. The same gen- 
eral behavior is noted in the °/;,-in. 


plate samples except that the use of 


a_ half-thickness specimen mate- 
rially reduces the energy absorption 
at 75 and —320° F. The special 


Inconel weld metal is a_ stable 
austenitic material not normally 
considered susceptible to brittle 


fracture. The results indicate that 
welding does not impair the ability 
of Inconel-type weld metal to resist 
brittle fracture to temperatures 
approaching absolute zero. 


Tests of As.Welded Joints 

Butt welds were made in */;.- and 

-in. thick plates of 9% nickel 
steel and the welds were tested in the 
as-welded condition. Plates of each 
thickness were welded with covered 
electrodes and with bare wire using 
the inert-gas process. 

All plates were heat treated by 
double normalizing and stress re- 
lieving at 1050° F before welding. 


Face bend 


Covered Electrode 
Root bend 





Welds were made under procedure 
required by the ASME Boiler and 
Pressure Code for qualification. 
Specimens were machined to provide 
a single-V groove with a 80-deg 
included angle and a '/j¢-in. lip. 
The same joint design was used for 
both the °/\- and -in. plate and 
for both welding processes. The 
plates were rigidly clamped to a 
heavy copper backing bar. No pre- 
heat nor postheat was applied and 
the interpass temperature did not 
exceed 200° F. A root spacing of 
approximately inch was used for 
all joints. 


Joint No. 1 in °/\-in. plate and 
joint No. 2 in -in. plate were 
welded by the metal-arc process 
by -in. diam special Inconel 





Table 5—Results of Longitudinal Bend Tests of Low-Carbon 9% Nickel-Steel Weldments 


Electrode 
«in. plate 
Inert-gas consumable wire 2 passed, 
Covered electrode 1 passed, 
/.-in. plate 
Inert-gas consumable wire 2 passed, 


Covered electrode 2 passed, 
1-in. plate 

Inert-gas consumable wire 2 passed, 

Covered electrode 2 passed, 


Face bend 


Root bend 


no cracks 2 passed, no cracks 
no cracks 2 passed, no cracks 
no cracks 2 passed, no cracks 
no cracks 2 passed, no cracks 
no cracks 2 passed, no cracks 


small cracks 2 passed, small cracks 
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Table 6—Results of Charpy Impact Tests on Low-Carbon 9% Nickel-Steel 
Weldments (Specimens Stress Relieved at 1050° F) 





V-notch Keyhole 
Energy absorbed, ft-lb Energy absorbed, ft-lb 
Electrode and Room temp., Liquid Ne, Room temp., Liquid No, 
location of notch 75° F —320° F 75° F —320° F 
5/iin. plate (half thickness 0.197-in. 
bars—all fractures 100% fibrous) 
Inert-gas consumable wire 
Weld metal 26-39 19-27 20-24 15-21 
Fusion line 16-23 15-19 14-22 10-14 
Base plate 13-16 7-9 11-12 8- 9 
Covered electrode 
Weld metal 27-30 22-26 20-21 16-19 
Fusion line 19-26 22-24 14-20 13-15 
Base plate 14-15 8-11 12-14 9-11 
/ 1/4. ’ = 
‘ "100% fibrous: bese plate: V-notch Fig. 6—Standard root, face and side-bend 
—10% fibrous, keyhole—35% fi- tests of welded and stress-relieved 1-in. 
brous at —320° F) thick nickel-steel plate 
Inert-gas consumable wire 
Weld metal 85-110 76-98 64-69 45-51 
Fusion line 103-120 84-111 57-65 44-57 covered electrodes with 140-150 amp 
Base plate 94-106 22-27 51-58 21-25 reverse polarity. Centerline crater 
cracks were ground out of the first 
—— 6-72 65-64 28-41 29.23 before depositing the succeeding 
Fusion line 79-86 73-74 41-48 34-40 ae fet the na 
aus pate — = tie — plate was welded with four passes 
l-in. plate (weld-metal fractures—fi- plus a root-seal pass and the '/,-in. 
brous; base plate: V-notch—10% plate was welded with five passes 
fibrous, keyhole—25% fibrous at plus a root-seal pass. 
—320° F) Joint No. 3 in */,-in. plate and 
Inert-gas consumable wire joint No. 4 in '/,-in. plate were 
Weld metal 87-115 97-112 61-73 51-65 welded by the inert-gas metal-arc 
aoceatens a ap ao a process with a consumable electrode 
of '/,,-in. diam special Inconel wire, 
Covered electrode with 300-310 amp dc, reverse polar- 
Weld metal 79-109 65-105 48-70 40-60 ity, 28-30 v and 75 cfh argon flow. 
Fusion line 65-100 60-85 38-48 39-4] The oxide film was ground off each 
Base plate 80-90 20-25 36-42 20-25 layer before welding a succeeding 


layer. The °/,,-in. plate was welded 
in two passes plus a root-seal pass 
and the '/.-in. plate was welded in 
four passes plus a root-seal pass. 

The longitudinal bend tests, both 
face and root, in both thicknesses of 
plate, all passed satisfactorily, as 
shown in Fig. 7. 

Results of tensile tests of speci- 
mens taken across the weld are given 
Table 7—Results of Tensile Tests of Welded 9% Nickel-Steel in Table 7. All specimens fractured 
Plate in the As-Welded Condition : 

in the weld metal. 








Yield Charpy impact tests, using both 

Plate strength Tensile keyhole and V-notch specimens, 
thickness, Welding (0.2% offset), strength, Elongation were made with the notch in the 
~~ prSSees ps ps in lin., % weld metal and in the heat-affected 
Manual arc 50,200 98, 800 15 zone. Notches were machined per- 

ioviien mee aa ye igo + pendicular to the surface of the 
' ’ plate. Thespecimens for the ° / ;,-in. 

plate were */, standard width and 

5/s¢ ee a en oe > standard depth (0.296 x 0.394 in.) 
Average Inert gas 53,700 98, 800 12 and the specimens for the -in. 
plate were standard dimensions. 

! Manual arc 63,000 97,400 18 Results of impact tests are given 
“ Manual arc 63,300 96,200 19 in Tables 8 and 9. Maximum and 
Average Manual arc 63,100 96 , 800 18.5 minimum values are shown for each 
; on 64.900 97.000 v7 test which usually consisted of 
fs oe ply on nyo » oe ler sshaiienes en 
oe —o ev eo ee ments of the ASME Boiler and Pres- 
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sure Vessel Code. It should be 
noted that the V-notch values at 
—320° F as well as at room tem- 
perature are higher than those for 
the keyhole specimens, which in- 
dicates that notch acuity is not the 
controlling factor at these test tem- 
peratures for this steel. 


Tensile Properties 
at Low Temperatures 

In one prospective application, 
the stress in the system will in- 
crease as the temperature decreases. 
To make the most economical use 
of the material, consideration was 
given to basing design values on 
strength at the lowest operating 
temperature rather than on the 
room-temperature tensile strength. 

A series of tensile tests was made 
over a range of temperatures be- 
tween 70 and —320° F. The tests 
were made on '/.-in. plate, double 
normalized and stress relieved at 


1050° F, and on welded specimens 
taken transversely across a_ butt 
weld in the plate. The welded 


specimens were made with special 
Inconel-type wire using the inert- 
gas metal-arc process, and were 
tested in the as-welded condition. 
Both the base plate and the welded 
specimens were machined to a 
thickness of */; in. before testing. 
All tests were made in duplicate. 

The relation of tensile properties 
to temperature is shown for the base 
plate in Fig. 8. The yield strength 
increases from 100,000 psi at room 
temperature to an average value of 
136,000 psi at —320° F, and tensile 
strength from 135,000 psi to 191,000 
psi. This is an increase of 36% in 
yield strength and about 41% in ten- 
sile. There was no measurable dif- 
ference in elongation over the entire 
range of temperature, but the reduc- 
tion of area was affected slightly, 
dropping from an average value of 
61.5% at room temperature to an 
average of 53.0 at —320° F, and 
most change occurred below — 200 
F. 

The relation of tensile properties 
to temperature for the welded 
specimens is shown in Fig. 9. 
Actually, the curves represent values 
for the weld metal since the yield 
point of the base plate approaches 
or exceeds the tensile strength of the 
weld metal. The yield strength of 
the welded specimens increased 
from 60,000 psi at room temperature 
to 80,000 psi at —320° F, and the 
tensile strength increased from 96,- 
000 psi to 140,000 psi. This is an 
increase of 33% in yield, and 44% 
in tensile. The increase in elonga- 
tion does not appear to be signifi- 
cant, but it must be remembered 
that only a small amount of weld 


metal is participating in the 1.4 
in. gage length; consequently, an 
increase from 4'/,% at room tem- 
perature to 8% at —320° F is of 
interest. The reduction of area 
values increased from 22% at room 
temperature to 40% at —320° F. 
The largest increment of increase 
occurred between —100 and —200 
F. 
Effect of Straining 

Stock from heat B, which had 
been double normalized and stress 
relieved at 1050° F, was selected 
to determine the effect of cold work 
on the low-temperature impact prop- 
erties. Bars 0.437 and 0.456 in. 
square were machined with the 
major axis transverse to the direc- 
tion of rolling of the plate and cold 





A Face bend B_ Root bend 


Inert-gas consumable wire 


Fig. 7 


rolled approximately 5 and 10%, 
respectively. Half of the speci- 
mens from each lot were then stress 
relieved at 1050° F for 2 hr and air 
cooled. V-notch Charpy impact 
specimens were then prepared and 
tested at room temperature and 
at —320° F. Results are shown 
graphically in Fig. 10. 

Results show that cold working 
lowers the notch-impact values of 
double-normalized and _stress-re- 
lieved 9% nickel steel at tempera- 
tures of both 80 and —320° F. 
The lowest impact value is 17 ft-lb 
at —320° F for 10% cold work. 
Cold work increases the hardness 
from Rockwell C 24 for the un- 
strained material to Rockwell C 29 
for 10° cold work. 





Root bend 


C Face bend D 


Covered electrode 


Longitudinal bend test of welded 9% nickel-steel plate, tested as-welded 





Table 8—Charpy-Impact Test Results on As-Welded 


-In. Thick 9% Nickel-Steel Plate 


Test 
temperatures, Location of Charpy impact, ft-lb—— 
F notch V-notch Keyhole notch 
Metal-arc welds 
75 Weld metal 41 to 53 25 to 28 
—32 Weld metal 38 to 41 24 to 25 
75 Heat-affected zone 24 to 38 19 to 21 
—320 Heat-affected zone 19 to 24 14 to 15 
Inert-gas welds 
75 Weld metal 63 to 73 37 to 43 
—320 Weld metal 48 to 57 31 to 40 
75 Heat-affected zone 24 to 27 16 to 18 
— 320 Heat-affected zone 22 to 31 12 to 13 


All specimens */, in. width 








Table 9—Charpy-Impact Test Results on As-Welded 


-In. Thick 9% Nickel-Steel Plate 


Test 
temperatures, Location of Charpy impact, ft-lb, 
"Pr notch V-notch Keyhole notch 
Metal-arc welds 
75 Weld metal 68 to 80 33 to 39 
—320 Weld metal 60 to 71 28 to 34 
75 Heat-affected zone 119 to 127 41 to 50 
— 320 Heat-affected zone 68 to 82 29 to 37 
Inert-gas welds 
75 Weld metal 104 to 114 59 to 62 
—320 Weld metal 96 to 101 44 to 52 
75 Heat-affected zone 76 to 104 41 to 52 
—320 Heat-affected zone 43 to 60 22 to 34 
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The loss in notch toughness due 
to cold working is completely re- 
stored by reheating to 1050° F. In 
fact the evidence indicates that 
straining followed by 1050° F 
stress relief gives somewhat better 
notch toughness than in the un- 
strained material. It should be 
noted that these tests were con- 
ducted on specimens taken trans- 
verse to the direction of rolling. 


Effect of Cooling Rate 
on Impact Properties 

The question frequently is raised 
as to what impact properties might 
be expected in heavy sections such 
as tube sheets and flanges. In 
order to determine the effect of 
slower rates of cooling obtainable 
with heavy sections, 1'/:-in. round 
bars from melt B were austen- 
itized at 1650° F and air cooled. 
These specimens were then _re- 
austenitized at 1450° F for 1 hr, 
and then cooled to room tempera- 
ture at a rate simulating that at the 
center of a 20-in. round cooling in air. 
These specimens were then reheated 
to 1050° F for 2 hr and air cooled. 
Tensile values, which are the average 
for five specimens all in close agree- 
ment, for the slowly cooled bars and 
for '/.-in. thick plate double nor- 
malized and stress relieved in the 
conventional manner at 1050° F, 
were as follows: 
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Fig. 8—Relation of tensile properties to temperature for normalized 


and stress-relieved 9% nickel-steel plate 


but the yield point and ductility of 
the slowly cooled specimens are 
each about 10° lower than for 
'/,-in. plate specimens. 

Impact properties were affected 
more by slow cooling from the 
austenitizing temperature than were 
the tensile properties. Using aver- 





Tensile 
strength, 
Specimen psi 
1'/.-in. round, 
slow cooled 
'/, in. plate, standard 
treatment 


126 ,000 


124,000 


strength 
(0.2% offset), 


102,000 


Yield 
Elongation Reduction 
in 2 in., of area, 

psi % % 
90,000 


22.4 61.7 


24.0 68 





Tests of V-notch Charpy speci- 
mens cooled at the rate simulating 
the center of a 20-in. round gave 
the following: 





Granular 
fracture, 


Tempera- Charpy 
ture of test, impact, 
A, ft-lb 
212 97 to 102 
80 95 to 102 
0 91 to 95 
—50 76 to 85 
—100 58 to 59 
—150 40 to 45 
—200 32 to 34 
—250 25 to 25'/s tie 
—320 17 to 17'/2 87 


63 to 65 





In comparing the tensile values 
obtained on specimens cooled from 
the austenitizing temperature at the 
rate for a 20-in. round with those 
obtained on '/.-in. plate subjected 
to the conventional treatment, it is 
interesting to note that there is 
little difference in ultimate strength, 
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age values for test results at each 
temperature, the following is a 
comparison of values obtained on 
cooling at a rate simulating the 
center of a 20-in. round with values 
for '/:-in. plate treated in the con- 
ventional manner: 


The values for ductility and im- 
pact for the slowly cooled specimens 
are higher than would be expected 
in specimens taken from 20-in. 
rounds even though the cooling 
rates would be the same, because the 
steel for large diameter forgings 
usually is not deoxidized with 
aluminum and, also, because the 
small diameter bars have received 
much more hot work. The tests do 
indicate, however, values that might 
be approached in heavy sections. 


Conclusions 

Data have been presented which 
show that low-carbon 9% nickel 
steel in the double-normalized and 
stress-relieved condition retains con- 
siderable notch toughness at tem- 
peratures down to that of liquid 
nitrogen. 

Satisfactory welds, resistant to 
low-temperature embrittlement and 
permitting utilization of full-allow- 





Charpy V-Notch Values, Ft-ib 


1'/.-in. round, slow cooled 
1/,-in. plate, standard treat- 
ment 110 


—150 


Test temperature, ° F 
—200 —250 
43 33 25 


70 46 36 





These results show that cooling 
from the austenitizing temperature 
to room temperature at a rate 
simulating that at the center of a 
20-in. round has a very mild effect 
on lowering the impact properties 
at room temperature but does raise 
the temperature at which fully shear 
fractures are obtained. 


able design stress, can be made in 
9% nickel steel by either the metal- 
arc process or the inert-gas metal- 
arc process when a_ nickel-chro- 
mium-iron alloy containing either 
manganese, columbium and molyb- 
denum or manganese and titanium, 
respectively, is used as the electrode. 

Results also indicate that welds 
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Fig. 9—Relation of tensile properties to temperature for 9% nickel-steel plate 
welded with Inconel-type wire and tested as-welded 
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Fig. 10—Effect of cold working and of subsequent stress relieving on 


impact properties of 9% nickel steel 


in °/,s- and '/>-in. thick plate of 9% 
nickel steel, tested in the as-welded 
condition, retain considerable tough- 


ness at temperatures down to that of 


liquid nitrogen. The plate was 


double normalized and stress re- 
lieved prior to welding to put it in 
the best condition for resisting low- 
temperature embrittlement. 

The fatigue properties at normal 


atmospheric temperatures for 9% 
nickel steel, both at the endurance 
limit and at stresses within the 
plastic range are higher than for 
most steels of comparable tensile 
strength. 

The strength of both 9% nickel 
steel and of the special high nickel- 
iron alloy weld metal increases with 
decrease in temperature. Ductility, 
as measured in the static tensile test, 
decreases moderately with decrease 
in temperature for the steel, but the 
ductility of the weld metal improves 
with decrease in temperature. 

Slow rates of cooling from the 
austenitizing temperature affect the 
notch impact properties of 9% 
nickel steel adversely but for a 
cooling rate as slow as that sim- 
ulating the center of a 20-in. round 
cooling in still air, V-notch impact 
values in excess of 15 ft-lb were ob- 
tained at a test temperature of 

aa0° F. 
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Discussion 
By W. L. Neely 


The authors are to be commended 
for their excellent paper. The data 


W. L. NEELY is associated with Research Divi 


sion, Lukens Steel Co., Coatesville, Pa 


developed in this and earlier work 
with 9% nickel steel emphasize the 
suitability of this material for oxy- 
gen production and storage facili- 
ties, and other low-temperature 
applications. 

Results obtained to date from a 
program in l-in. gage plate cur- 
rently in progress at Lukens agree 
closely with the data presented by 
Messrs. Armstrong, Gross and Brien. 


WELDING RESEARCH 


We have found that the welding of 
test plates of 9% nickel steel is 
readily accomplished using either 
special Inconel electrodes or 25% 
chrome — 20% nickel stainless-steel 
electrodes. Three butt-weld joint 
designs have been successfully em- 
ployed. Joint designs and welding 
techniques are noted. Figures D-1, 
D-2, D-3 and D-4 herewith show 
joint designs and welding proce- 
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dures. In all cases, l-in. gage test 
material was employed. 

Analysis and physical properties 
of the test material are as shown: 





Chemical analysis, %, of A353-56 test 


Mechanica! properties of A353-56 test 
plates 
Tensile, psi 


Elongation in 8 in., % 





Both the analysis and mechanical 
properties of this material are well 
within the ASTM Specification for 
A353-56 nickel steel. 

The butt-joint design with one 
straight edge, Fig. D-4, was em- 
ployed to create a _ heat-affected 
zone, so located as to enclose totally 
the ‘“‘Vee’’ notch for the Charpy 
impact specimens used to evaluate 
the impact properties of this area. 
Results obtained from this test 
plate are noted in Tables D-1 and 
D-2. 

All specimens tested were stand- 
ard size, with two specimens ob- 
tained by bisecting the test-plate 
gage. No difference in values was 
noted between values for specimens 
taken from the top half of the plate 








Table D-l—Results of Charpy V-Notch 
Impact Tests on 1-in. Gage 9% Nickel- 
Steel Butt Welds 


All welds made with special Inconel 
electrodes. All specimens in the 
as-welded condition 


Base 
metal Heat- 
trans- affected Weld 
Tempera- verse, zone, metal, 
ture, ° F ft-lb ft-lb ft-Ib 
70 50 96 83 
51 99 85 
55 86 
51 106 92 
53 87 
50 80 
46 87 86 
47 78 
49 87 
20 73 60 
21 65 78 
20 68 91.5 





gage and those taken from the bot- 
tom half. The decrease noted in 
values for the base metal at tempera- 
tures below —150° F appears to be 
comparable to the values obtained 
by Armstrong, Gross and Brien. 
Base-metal specimens showed ap- 
proximately 10% fibrous fracture at 
—320° F. 

Fibrous fracture in the specimens 
with the notch within the heat- 
affected zone was much higher, 
approximately 85%, with energy 
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Lukens’ test plate 1A joint preparation 
and welding procedure 


Fig. D-1 


Material—9% nickel steel, l-in. gage 


Joint—*/\, in. wide, 7/\.-in. deep, balanced double ‘‘U"’ 


Root Gap—'/)« in., nose '/\, in. 
Preheat—100 to 125° F 

Interpass Temperature—not over 250° F 
Test plate welded to restraining plate 


Passes | to 5, '/,-in. diam special Inconel, 95 to 100 amp, 24 to 26 v 
Passes 6 to 12, °/,».-in. diam special Inconel, 125 to 135 amp, 25 to 


27 v 


Deposit first 5 passes in one side, air cool to ambient tempera- 


Table D-2—Results of Charpy V-Notch 
impact Tests on 1-In. Gage 9% 
Nickel-Steel Butt Welds 


All specimens made with special Inconel 
electrodes. All specimens taken from 
test plates stress relieved at 1050° F for 
2 hr and air cooled 


Base 
metal 
Temp- _ trans- Heat- Weld 
erature, verse, affected metal, 
“7 ft-lb zone, ft-lb ft-ib 

65 85 175 

87 200 

90 , 103 

86 90 

81 114 

97 93 

75 122 

80 122 

79 90 

24 80 

18 75 

25 92 





* Did not break 


levels in this area much higher than 
in the base metal. Although frac- 
tures initiated at the base of the 
notch, propagation proceeded almost 
entirely through the austenitic weld 
metal adjacent to the heat-affected 
zone. 

Fractures in the weld metal, as in 
all face-centered cubic lattice alloys, 
exhibited no pronounced transition 
temperature. 


Fig. D-2—Lukens’ test plate 1B joint preparation 
and welding procedure 


Material—9Q% nickel steel, l-in. gage 


Joint—*/\, in. wide, 7/).-in. deep, balanced double ‘‘U"’ 
Root Gap—'/,,-in., nose '/i, in. 


Preheat—none 


Interpass Temperature—not over 250° F 


Test plate welded to restraining plate 
Passes 1 to 5—'/,-in. diam E310-16, 115 amp, 24 to 26 v 


Passes 6 to 12—5/,.-in. diam E310-16, 145 amp, 25 to 27 v 


Deposit first passes in one side, air cool to ambient temperature, 


ture, detach from restraint plate, clean root on reverse side 
with '/,-in. wide abrasive wheel, use dye-penetrant inspection 
to insure root soundness. Reweld plate to restraint plate and 
weld reverse side to complete, passes 1 to 12. Remove test 
plate from restraint plate, turn over, reweld plate to restraint 
plate and complete weld on first side, passes 6 to 10. Allow 
plate to air cool, remove from restraint plate. X-ray plate 
and use dye-penetrant inspection on weld surface. Cut test 
plate in half, stress relieve one part at 1050° F for 2 hr 
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detach from restraint plate, clean root on reverse side with 
1/,in. wide abrasive wheel, use dye-penetrant inspection to 
insure root soundness. Reweld plate to restraint plate and 
weld reverse side complete, passes 1 to 12. Remove test 
plate from restraint plate, turn over, reweld plate to restraint 
plate and complete weld on first side, passes 6 to 10. Allow 
plate to air cool, remove from restraint plate. X-ray plate and 
use dye-penetrant inspection on weld surface. Cut test 
plate in half, stress relieve one part at 1050° F for 2 hr 








Fig. D-3—-Lukens’ Technical Service test plate joint preparation 
and welding procedure 


Material—9% nickel steel, l-in. gage 

Joint—Single Vee, 70-deg included angle, */\,-in. land, °/,9-in. 
root opening, no backing strip. Restrained joint, test plate 
welded to restraint plate. 

Preheat—none 

Interpass Temperature—not over 200° F 

Electrodes Used—*/;,-in. diam special Inconel, for all beads 

Current—120 to 125 amp DCRP 

Volts—24 to 26 

No. of Beads—15 on face sides, 7 on reverse sides 

Weld Sequence—Deposit all beads in first side, cool to ambient 
temperature, turn plate over, use air-carbon arc gouging and 
abrasive wheel to prepare root for backwelding, reweld test 











Fig. D-4—Unbalanced joint design 


Material—9% nickel steel, l-in. gage 
Joint Design—Navy welder qualification test joint contour: 
« X l-in. base-metal backup strip; */;-in. root gap. Test 

plate was peripherally welded to restraint plate. 

Preheat—None 

Position of Welding—Flat 

Interpass Temperature—Not over 200° F 

Electrodes Used—'/,-in. diam (beads 1 and 2), and °/3.-in. diam 
(beads 3 through 21) special Inconei electrodes 

Currents DCRP and Voltage—95 to 100 amp, 24 to 26 v for '/,-in 
electrodes. 125 to 130 amp, 25 to 27 v for -in. electrodes 

Number of Beads—21, all from the face side 

Weld Sequence—Deposit complete weld from the one side, cool 
to ambient temperature, remove from restraint plate, remove 
backup strap, dye-penetrant inspect all weld surfaces and X- 
ray test plate. 


plate to restraint plate, weld reverse side, using same 


technique as first side. 


Stress Relief—1050° F for 1!/. hr, minimum 


Interpass Weld Cleaning—Use power-driven wire brush and 


inspect each bead with x3 magnifying glass for surface 


fissures, crater cracks, etc. 


Grind out any crater cracks. 


(These can be avoided if care is taken to fill each crater 
completely prior to breaking the arc.) 


Stress Relief 


Hold test plate at 1050° F for 2 hr. 


Air cool. 





Again, the decrease noted in 
values for the base-metal specimens 
at temperatures below -—150° F 
appears to be comparable to the 
decrease in values noted by Arm- 
strong, Gross and Brien during 
earlier work. Stress-relieved base- 
metal specimens showed approxi- 
mately 10% fibrous fracture at 
—320° F. 

In stress-relieved specimens, with 
the notch placed in the _heat- 
affected zone, fractures initiated at 
the base of the notch and progressed 
over and downward through the 
weld metal. This was true of all 
heat-affected-zone specimens broken 
at the four test temperatures. 
Figure 8 shows typical Charpy 
specimens tested at -—320° F, 
including the one which did not 
break. 

Stress-relieved weld-metal Charpy 
“VY”? specimens exhibited no pro- 
nounced transition temperature. 


Weld-Test Results 

Physical test specimens were re- 
moved from welded test plates in the 
stress-relieved conditions. Side, 
face, root bends and 0.505-in. ten- 
sile specimens were tested. 


Guided Bends 


Prepared and bent in accordance 
with Section IX, ASME Boiler Code, 


1956. Side—stress relieved: Bent 
180 deg with no failure, 35 to 45% 
elongation in weld ('/4-in. gage lines 
within weld) */,-in. radius ram. 
Face—Bend 180 deg with no failure, 
35 to 39% elongation ('/s-in. gage 
lines within weld) */,-in. radius ram. 
Root—Bend 180 deg with no failure, 
38 to 41% elongation ('/s-in. gage 
lines within weld) */,-in. radius 
ram. Photographs of typical bend 
specimens are shown in Figs. D-6 
and D-7. 
0.505-In. Tensile Specimens 

In all cases, higher ductility 
values appeared in welds made with 
special Inconel electrodes. The 
elongation noted within the 0.505- 
in. tensile specimens can be mis- 
leading, since the 2-in. gage marks 
employed fell well outside the width 
of the weld metal. Little, if any, 
deformation was noted in the base 
metal itself after these specimens 
were broken. As in all cases where 
the base metal possesses a consider- 
ably higher tensile strength than the 
weld metal, gage marks should be 
placed within the weld metal when 
the deposit is being tested for duc- 


tility. This was done on the bend 
specimens. 
Hardness Values 

Hardness readings were taken in 
the base metal, heat-affected zone 
and weld deposits of the test plates, 
both in the as-welded and stress- 
relieved conditions. Little differ- 
ence was noted between the values 
obtained from the specimens tested. 
Results are summarized as shown 
and disclosed in more detail in Fig. 
D-5. 





Rockwell A scale hardness 
indications—9% nickel steel 
Heat- 
Base affected 
Metal zone 
As 
welded 61-63.5 66-72 
Stress 
relieved 58.5-6) 62-64 





It is recognized that side-bend 
specimens are so drastic in nature 
that they are not applicable to the 
testing of gradation in performance 





Tensile, psi 


106 ,000 
100 ,000 


Special Inconel welds 
25-20 stainless welds 


Elongation Reduction 
Yield, psi in2in., % area, % 
76,000 18 45 
80,000 12 35 
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Hardness survey of butt welded l-in. gage 9% nickel-steel 
specimen as-welded 


Unbalanced butt-joint design welded with special Inconel 
electrodes. Rockwell A scale readings in base metal, heat- 
affected zone and base metal. Side-bend specimens taken 
from this test plate bent approximately 65 deg before an open- 
ing occurred between the weld and the heat-affected zone 
where a hardness value of R,/72 is indicated. 

















Hardness survey of butt welded 1-in. gage 9% nickel-steel 
stress-relieved specimen 


Unbalanced butt-joint design welded with special Inconel elec 
trodes. Rockwell A scale reading in base metal, heat-affected 
zone and base metal. Side-bend specimens taken from this 
test plate bent to a full 180 deg with no failure. Stress-relief 
temperature was 1050° F for 2 hr, followed by air cooling. 


Fig. D-5-—Stress-relieving temperatures should be maintained between 1050 and 1075°F. A lower temperature, 975-1000° F, held for 
as long as 6 or 8 hr/in. of metal thickness, did not prevent tearing along the edge of the weld when bending similar specimens 


Fig. D-6-—-Side-bend specimens by Lukens Research personnel. 
Specimens ‘‘A’’ with special Inconel covered electrodes; ‘‘B"’ 
with 25-20 stainless-steel electrodes. All specimens from stress- 


relieved 1-in. test plate 


Heat-affected zone 


when welding an alloy steel with 
dissimilar electrodes. Although this 
is not a required test specimen, the 
results of such preliminary tests are 
included as a matter of interest. 
Hardness readings of Rockwell 
A 72 were present in the heat- 
affected zone adjacent to the edge of 
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Fig. D-7—-Stress-relieved face, root and side-bend specimens. 
Welds by Lukens’ Technical Service personnel, using special 
Inconel covered electrodes in 1-in. plate 





Special Inconel weld metal 


Fig. D-8—Typical Charpy 


Base metal 


“V"" notch impact specimens, including one with notch 


in the heat-affected zone which did not break at 100 ft-lb. Fracture initiated in 
heat-affected zone progressed laterally into weld metal, but did not progress further 


All specimens were tested in the stress-relieved condition at 


the top bead on the straight side of 
the weld joint. Hardness readings 
in the rest of the heat-affected zone 
did not exceed Rockwell A67. This 
difference was attributed to the fact 
that the annealing effect of a cover 
weld bead was not obtained on both 


320° F 


sides of the weld joint. 

It is planned to determine the 
bend characteristics of weld speci- 
mens prepared in a manner whereby 
an annealing effect is obtained on ail 
areas of the heat-affected zone in 
the plate material. 





Discussion 


by C. E. Hartbower and 
W. P. Hatch 


The authors have concluded that 
low-carbon 9% nickel steel in the 
double-normalized and _stress-re- 
lieved condition retains considerable 
notch toughness at temperatures 
down to that of liquid nitrogen. 
However, a question remains as to 
the significance of the energy value 
in terms of tendency to brittle frac- 
ture. In their introduction, the 
authors pointed out that there is 
some doubt as to the significance of a 
15 ft-lb criterion using the keyhole- 
notched Charpy impact specimen; 
and that the recent trend is 
to employ the V-notch Charpy test 
requiring different energy levels for 
different steels, with the minimum 
acceptable energy value based on 
fracture appearance or upon the 
temperature permitting easy crack 
propagation. 

At the Watertown Arsenal Labor- 
atories, a technique has been de- 
veloped which permits separation of 
the crack-initiation and crack-propa- 
gation stages of fracture in V-notch 
Charpy impact testing.! The pro- 
cedure requires an initial low-energy 
blow followed by a second full-ca- 
pacity blow of the impact-machine 
pendulum. The energy absorbed 
in the second full-capacity blow is 
the energy to propagate the initiat- 
ing crack. In the low-temperature 
region of the energy-to-propagate 
transition curve, an abrupt change 
of slope occurs, indicating a sudden 
arrest in the rate of decrease of work 
required for crack propagation.’ 

The temperature corresponding to 
the inflection point (hereafter refer- 
red to as the “‘low-blow transition 
temperature’’) is believed to be the 
temperature at which the plastic- 
deformation work required to propa- 
gate the crack in the center portion 
of the test specimen is zero; in other 
words, the plastic-deformation work 
occurring at and below the inflection 
point is believed to represent the 
work required to propagate the crack 
through the biaxially stressed sides 
and bottom of the test specimen 
where the plastic constraint is in- 
sufficient for cleavage. Using this 
approach, it has been demonstrated 
that the keyhole-notched and V- 
notched Charpy specimens indicate 
the same transition temperature.’ 


C. E. HARTBOWER and W. P. HATCH are 
associated with Watertown Arsenal Laboratories, 
Watertown, Mass 
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Fig. A—Energy-to-propagate transition curves obtained by the low-blow technique for 


low-carbon 9% nickel steel 


More recent (as yet unpublished) 
results show that one of the impor- 
tant advantages in the low-blow 
technique is elimination of adiabatic 
temperature rise occurring during the 
crack-initiation stage of fracture. 
Moreover, it has been demonstrated 
that the technique can be simplified 
by delivering the initial low blow at 
room temperature, and that the 
magnitude of the initial low blow is 
not critical as long as it is sufficient 
to produce appreciable plastic de- 
formation at the apex of the notch.’ 

The discussers have applied the 
above technique to a heat of 9% 
nickel steel. The material was re- 
ceived in the double-normalized con- 
dition. Three heat treatments were 
investigated: 


1. Stress relieved at 1050° F. 

2. Reheated to 1450° F, oil 
quenched and tempered for 1 
hr at 1050° F. 

3. Same as above except tempered 

at 400° F. 


The latter heat treatment was sug- 
gested by the ASM 1955 Campbell 
Memorial Lecture by R. H. Aborn 
on “Low Carbon Martensites.’’ 
Remarkable strength, ductility and 
toughness were demonstrated in low- 
carbon 4300 series steels: (a) in the 
as-quenched condition, (6) after a 
low-temperature temper at 400° F 
for 1 hr and (c) after a high temper 
(selected to produce R, 29). For 
example, a typical low-carbon low- 
alloy martensite (43BV12)  as- 
quenched, provided a _ tensile 
strength of 187,000 psi with 63% 
reduction of area. The notable 
effect of tempering at 400° F was 
to increase greatly the yield with 
only a slight lowering of tensile 
strength and very little change in 
ductility. Moreover, the notch 
toughness of both as-quenched and 
low-tempered martensite was indi- 
cated to be excellent. 

Results obtained from low-carbon 
9% nickel steel are shown in Table 





Table | 


Rockwell 
Steel hardness, 
condition R, psi 


1050° F ‘‘stress relief’’ (1 


hr) 21 110,000 


1450° F, quench; 1050° F, 
temper 25 


1450° F, quench; 400° F, 


temper 


Estimated 
strength, 


120,000 


39 175,000 


— V-notch Charpy ————— 

— 70°F — _ 320° F ——— 
Ft-Ib Mils Ft-Ib Mils* 
91 69 21 13 
95 he 22 13 


79 50 34 
85 63 53 32 


33 8 21 9 
34 25 9 





* Lateral expansion 
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I. The impact values in this table 
were obtained with a single full-capa- 
city blow. Figure A presents the 
energy - to - propagate transition 
curves obtained by the low-blow 
technique. The initial blow con- 
sisted of 20 ft-lb delivered at room 
temperature. In the case of the 
double-normalized and _ stress-re- 
lieved material and the quenched- 
and-tempered (1050° F) material, 
the inflection point occurred be- 
tween —250 and —320° F (or lower 
in the quenched-and-tempered ma- 
terial). With a low temper (400° F 
for 1 hr), there was no evidence of a 
transition in the energy-tempera- 
ture curve. 

The marked differences between 
the three energy-to-propagate transi- 


tion curves demonstrates once again 
the danger of an arbitrary energy 
level. For example, if 20 ft-lb at 
—320° F were specified as the mini- 
mum acceptable energy level, the 
400° F temper would be just as 
acceptable as the 1050° F stress- 
relief treatment (see Table I). 

However, from Table I it is to be 
noted that if a criterion of 15 mils 
lateral expansion as proposed by 
Messrs. Gross and Stout‘ were ap- 
plied, neither the 1050° F “stress 
relief” nor the 400° F temper would 
be acceptable at —320° F. 

The low flat curve obtained with a 
low temper (400° F) was unex- 
pected in light of the work of Dr. 
Aborn and his colleagues. A ques- 
tion remains, however, as to the 


significance of such a curve. The 
fact that shear lips occurred at the 
biaxially stressed surfaces at all 
temperatures down to and including 
—320° F indicates that the low- 
blow transition is below —320° F. 
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Authors’ Closure 


Mr. Neely has presented consider- 
able data on tests of welds in 1-in. 
plate of 9% nickel steel. The re- 
sults on the as-welded specimens are 
of particular interest, since the au- 
thors were able to obtain what they 
considered acceptable impact values 
on as-welded specimens of plate up 


to and including '/, in. in thick- 
ness. Thicknesses between '/, and 
1 in. were not tested. 

The authors acknowledge Mr. 
Neely’s discussion as a timely con- 
tribution since it is a worth-while 
supplement to the information on 
welding of 9% nickel-steel plate. 

The results of Messrs. Hartbower 
and Hatch, obtained with the low- 
blow technique impact test, empha- 


sizes the ever-present but as yet 
unanswered problem of establishing 
a universally acceptable criterion 
for transition temperature. If, as 
pointed out by them, the transi- 
tion temperature of the specimens 
quenched and tempered at 400° F 
is below —320° F, the possibilities 
of using such steels in the martensitic 
condition to resist brittle fracture is 
rather intriguing. 








RESEARCH NEWS 


Continued from 56-8) 





The new instrument analyzes 
metals, alloys, minerals, ores, chem- 
ical mixtures and compounds and 
covers a range of 87 elements in the 
atomic scale extending from magne- 
sium (#12) to californium (#98). 

Specimens are exposed to an in- 
tense beam of X-rays which causes 
the elements to fluoresce or give off 
secondary radiations. These rays 
pass through a collimating system 
to a crystal which serves as an analy- 
zer. The crystal reflects the radia- 
tion from each element at a specific 
angle. 


70-s | FEBRUARY 1959 


Intensities are measured by scin- 
tillation or proportional counters. 
Crystal and counter components 
are accurately positioned with re- 
spect to each other by means of a 
specially designed goniometer. 
Data obtained from the instrument 
can be quickly converted into per- 
centages of the elements present. 


Fatigue-Crack Initiation 


The effect of geometrical factors 
on fatigue-crack initiation in metals 
has been investigated in National 
Bureau of Standards work for the 
National Advisory Committee for 
Aeronautics. It has been com- 
monly observed in bending tests 
that fatigue cracks start at the edge 
of a plate or sheet specimen. This 
naturally led to the conclusion that 
resistance to fatigue-crack initiation 
is lower at the edges than on a flat 
surface. However, in recent NBS 
experiments a type of specimen was 
used that permitted a direct com- 
parison of the fatigue strengths 
both at the edges and on a nearly 
flat surface. The results indicate 
that the preponderance of edge 
cracks previously observed in con- 
ventional specimens is caused by the 
stress pattern rather than by lower 


fatigue strength at the edges. 

The initiation of fatigue cracking 
is usually the first sign of metal 
failure, and is thus of considerable 
interest to metallurgists and de- 
sign engineers. Several investiga- 
tors have attempted to evaluate the 
tendency of cracks to start at the 
edges by comparing data obtained 
from testing specimens of various 
shapes. Their results, however, 
were not always consistent. Among 
factors thought to influence the 
results were the lack of restraint 
against slipping in the material at 
the edge, and the stress present in 
the specimen’s surfaces. In order 
to obtain quantitative information 
on these factors, the present investi- 
gation was undertaken. 


The specimens used in the bending 
tests were especially designed by 
J. A. Bennett and J. G. Weinberg 
of the Bureau’s mechanical metal- 
lurgy laboratory. Made of !/,-in. 
thick plate, they were 7 in. long, and 
from 2 to 3 in. wide. A reduced 
section toward the middle of the 
specimen was formed by four cuts. 
The two broad surfaces were each 
milled into the shape of a saddle; 
and rounded notches were cut into 
the adjacent edges, varying in depth 


(Continued on 77-8) 





Development of Titanium-Clad Steel Using 


A Vacuum-Brazing Process 


Investigation includes such brazing parameters as filler-metal composition, 
brazing cycle, degree of vacuum, and surface-preparation methods. 
Also, procedures and joint designs are covered 


BY D. CANONICO AND H. SCHWARTZBART 


ABSTRACT. A method is described 
for producing titanium-clad steel by a 
patented sandwich vacuum-brazing 
procedure. The brazing parameters 
such as filler-metal composition, braz- 
ing cycle, degree of vacuum, and sur- 
face preparation methods were in- 
vestigated. The strongest claddings 
(shear strength > 20,000 psi) were 
produced using BAg8 brazing alloy 
(the silver-copper eutectic composi- 
tion) at its lowest possible brazing 
temperature (1460 to 1500° F). 

Procedures and joint designs for 
making sound ductile weldments in 
the clad plate were developed. 


Introduction 


The patented sandwich vacuum- 
brazing method of making clad plate 
discussed in this paper was de- 
veloped by the Chicago Bridge and 
Iron Co. and has been described 
previously in the literature.';* With 
this process steel has been clad with 
a variety of nickel alloys, stainless 
steels and nonferrous metals from 
which many types of vessels have 
been fabricated. Such vessels have 
been in service for years in the 
chemical, paper and _ petroleum 
industries where corrosion resistance 
was afforded by the cladding 
material. 

This paper presents the results of 
an investigation to develop a tech- 
nique for cladding mild steel with 
titanium by the sandwich vacuum- 
brazing process. The excellent cor- 
rosion resistance of titanium would 
make such a clad combination useful 
for many service applications in 
the chemical and atomic energy in- 


D. CANONICO and H. SCHWARTZBART are 
associated with the Metals Research Depart- 
ment, Armour Research Foundation of Illinois 
Institute of Technology, Chicago, Ill 

*The material reported here has provided the 
background for further developments; the spon- 
sor has completed a small pilot vessel and has 
others under construction 


dustries and in marine applications. * 


Description of Sandwich 
Vacuum-Brazing Process 


The basic 


Fig. 1- 


brazed sandwich 


WELDED SANDWI OF 


Vacuum-brazed sandwich 


as- 


sembly illustrated in Fig. 1 pertains 
to the making of small laboratory 
size plates. The production of com- 
mercial plate sizes is done with the 
same basic process. A sandwich is 


COMPONENTS 


— ee 


Stainless Steel C 


Fig. 2—-Experimental apparatus for producing clad plate 
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made up of the base metal, the 
filler metal, the cladding metal and a 
cover sheet which is peripherally 
welded to the base metal. Pro- 
vision is made, as seen on the right, 
for drawing a vacuum within the 
sandwich during brazing. The 
vacuum is pulled through the stain- 
less-steel tube that extends out of 
the photograph. The tube is welded 
to the steel plate (A 285, Grade C 
steel) which is an intrinsic part of 
the cladding. The welded sand- 
wich, ready for brazing, is shown at 
the left. 

Figure 2 is a photograph showing 
the apparatus used for producing 
clad plate. A typical “run” in- 
cludes the following steps: (1) 
Continuous evacuation of the brazed 
sandwich through the vacuum pump 
shown. ‘The vacuum, in microns, is 
read on the ionization vacuum gage. 
(2) The evacuated sandwich is 
placed in a brazing furnace which 
has been preheated to the correct 
brazing temperature for the filler 
metal being used. (3) A _ second 
stainless-steel tube (not shown in 
Fig. 1) placed adjacent and parallel 
to the tube used for evacua- 
ting contains a thermocouple em- 
bedded in the steel plate. The 
temperature within the steel plate 


7 


Fig. 3—Typical bend specimens. Ti- 
tanium in compression (left), and in 
tension (right) 


Fig. 4—Photomicrograph from vacuum-brazed sandwich HC- 
(Reduced by '/; upon reproduc- 
tion.) Etchant: 20% HF, 20% HNO, 60% glycerine 


13, silver filler metal. > 250. 
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is measured by taking frequent 
potentiometer readings. When the 
sandwich reaches the brazing tem- 
perature, it is removed and air 
cooled. After the sandwich has 
cooled, it is trimmed and sectioned. 


Experimental Program 


The first phase of this program 
consisted of a study of the pertinent 
process parameters of brazing-alloy 
composition, brazing cycle, degree of 
vacuum and surface preparation. 
Sandwiches ranging in size from 
3 x 5 in. to 8 x 10 in. were utilized. 
The thickness of the steel was */; of 
an inch and the titanium approxi- 


mately '/s of an inch. Bend and 
shear properties as well as metal- 
lographic examination were em- 
ployed as means of evaluation. The 
test used for obtaining shear data 
was identical to that recommended 
by ASTM for clad plate. 

The results are summarized in 
Table 1, which will be referred to 
throughout this discussion. The 
values of joint thickness and shear 
strength reported are averages of 
several duplicate specimens, in some 
cases as many as 10. 


Brazing Alloys 


The two principal brazing alloys 





Table 1—Summary of Cladding Studies 


Plate size, Filler 

No. in. metal 
HC-1 3x5 Ag 40 

HC-2 3x5 Ag 50-100 

HC-9 3x5 BAg-8 

0.3 

HC-10 3x5 BAg-8 0.10 

HC-11f 3x5 Ag 


0.3 
HC-12 3x5 Ag 0.09 


HC-13 3x5 Ag 0.11 
HC-14 3x5 Ax 0.09 
HC-15f 3x5 BAg-8 0.02 
HC-16 3x5 Ag 0.015 


HC-18 
HC-19 
HC-25 
HC-28 


8x10 Ag 0.025 

8 x 10 BAg-8 0.015 
4'/.x6 BAg-8 100 
4'/,x6 BAg-8 0.035 


HC-30 
HC-31 
HC-32 
HC-33 
HC-34 


4'/.x6 
4'/,x6 
4'/,x6 
4'/2x6 
4'/2x6 


BAg-8 500 
BAg-8 500 
BAg-8 500 
BAg-8 15 
BAg-8 500 


Vacuum, 
microns 


0.013 to 


0.011 to 


Joint Shear 
thickness, strength, 
Brazing cycle* in. psi 
176 min to 1834° F = 0.015 12,590 
20 min to 1825° F 0.608 17,720 
24 min to 1500° F 0.003 25,210 


28 min to 1500° F , 19,800 

17 min to 1830° F 005 11,820 

25 min to 1425° F. 0.008 14, 
Hold 5 min. Then 
33 min to 1820° F 

19 min to 1825° F 

8 min to 1945° F 

28 min to 1505° F 

15 min to 1800° F. 
Hold 60 min. Air 
cool 

19 min to 1800° F 

26 min to 1500° F 

22 min to 1515° F 

19 min to 1500° F. 
Hold 60 min 

28 min to 1460° F 

21 min to 1460° F 

22 min to 1460° F 

22 min to 1500° F 

26 min to 1500° F 


0.006 
0.001 
0.004 
0.012 


0.007 an 
0.002 23, 
0.003 18,63 
0.004 15,300 


0.004 19,120 
0.004 18,470 
0.004 26,150 
0.003 29, 360 
0.004 27,380 





Unless otherwise designated, the sandwich was withdrawn from the brazing furnace as soon as the 


desired temperature was reached. 
+ Surfaces prepared for brazing by sandblasting. 
is sanding. 


. a 
silver filler metal. 


of a carbide phase 


The norma! procedure used on the other sandwiches 


Fig. 5—Filler metal-steel int 
x 250. 
The Vickers microhardness measurements show the presence 


(Reduced by '/; upon reproduction.) 





Fig. 6—Photomicrograph of vacuum-brazed sandwich HC- 32. 
(Reduced by '/, upon reproduction.) 


BAg-8 filler metal. > 250. 
Etchant: 60% glycerine, 20% HNO;, 20% HF 


investigated on this program were 
pure silver and BAg-8, the eutectic 
alloy of 72% silver and 28% copper. 
The brazing temperature with silver 
was 1800 to 1835° F, while with 
BAg-8 it was 1460 to 1515° F. 
Although the shear strength data 
in Table 1 are not numerous enough 
to permit a clear comparison of the 
two filler alloys, the indications are 
that claddings of higher shear 
strength are obtained with BAg-8 
filler than with Ag. For example, 
the average shear 
samples HC-9 and HC-10, brazed 
with BAg-8 filler, is about 22,500 
psi, while HC-13, the comparable 
sample brazed with Ag, had a 
strength of 19,000 psi. Further- 
more, the two comparable samples 
HC-18 and HC-19 show much 
higher shear strength with BAg-8 
filler metal. Also, the highest shear 
strengths obtained, those in excess 
of 25,000 psi, were exhibited by 
samples brazed with BAg-8. 

Typical bend specimens are il- 
lustrated in Fig. 3. Bends of 180 
deg were obtained with the titanium 
in tension or in compression, with 
either Ag or BAg-8 filler metal, 
without cracking in the brazed bond. 

Figure 4 is a_ typical micro- 
structure of a brazed joint with pure- 
silver filler metal. The dark 
columnar growth extending from the 
titanium interface toward the steel 
may be Ag-Ti intermetallic com- 
pound. Adjacent to the steel inter- 
face is a dark band that is extremely 
hard in certain areas. Also, a band 
of steel adjoining the interface has 
been depleted of carbon which in- 
dicates the formation of titanium 
carbide in the filler layer adjacent 
to the steel interface. Micro- 
hardness determinations illustrated 
in Fig. 5 show the presence of the 
carbide phase. 

A typical photomicrograph of a 
joint brazed with BAg-8 is il- 
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Fig. 1 Photomicrograph of vacuum-brazed candela HC-16. 
x 150. 
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Fig. 8—Photomicrograph of vacuum- 
brazed sandwich HC-28. BAg-8 filler 
metal. xX 150. (Reduced by '/; upon 
reproduction.) Etchant: 60% glycerine, 
20% HNO;, 20% HF 


This sandwich was held at the brazing tempera 
ture, 1500° F, for one hour. The numbers indi 
cated are Vickers hardness numbers 


lustrated in Fig. 6. The fact that 
the brazing temperature with BAg-8 
is over 300° F lower than for 
silver accounts for some of the 
difference in the structure. There 
is little, if any, depletion of carbon 
from the steel, and there is no dark 
hard band in the filler metal com- 
parable to that obtained in silver 
joints. Copper-titanium intermetal- 
lic compound, the gray phase ad- 
jacent to the titanium, is dispersed 
in a soft matrix. 


Brazing Cycle 


A study was made to determine 
the effect of heating rate and time at 
temperature. It was found that the 
heating rate yielding the best results 
was obtained by placing the sand- 
wich in a furnace that had been 
preheated to the correct brazing 
temperature for the alloy under con- 


Fig. 9—Typical bend specimens from 
HC-39 produced under commercial con- 
ditions. Titanium bent in tension (right) 
and compression (left) 


Shear strength of titanium-clad 
steel at elevated temperature 


Fig. 10 


sideration. Using this technique, 
composites were produced that had 
shear strengths consistently in excess 
of 20,000 psi (HC-32 had an average 
shear strength of 29,360 psi) and 
bend capabilities that permitted a 
180-deg free bend with the titanium 
in tension or compression. 

The normal procedure in brazing 
the sandwiches on this program in- 
volved their withdrawal from the 
furnace as soon as their temperature 
reached that of the furnace. To 
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Fig. 11 


x< 250. 
values shown are Vickers hardness numbers 


determine the effect of excess time 
at brazing temperature, two 
samples, HC-16 and HC-28, were 
held at brazing temperature for one 
hour before air cooling. HC-16 was 
brazed with Ag and HC-28 with 
BAg-8. 

Figure 7 shows the effect of one 
hour at brazing temperature on a 
joint brazed with pure silver. The 
steel has been depleted of carbon for 
a considerable depth back from the 
braze interface. A dark diffusion 
band extends deep into the titanium. 
The ‘“arms’’ extending upward ap- 
pear to be silver-rich. The filler 
layer is considerably hardened; this 
is evidenced by the microhardness 
indentations. 

HC-28 contained BAg-8 filler 
metal. Figure 8 is a photomicro- 
graph of a representative area of the 
brazed joint. A black band, not 
normally present in brazements 
made with BAg-8 and short soak 
periods, is seen extending from 
within the filler metal across the 
interface into the titanium. As 
usual, there is no carbon depletion of 
the steel, and there is not much more 
intermetallic compound present 
than in the normal brazing practice. 
The shear strength of the sandwich 
was 15,300 psi, which is lower than 
is normally obtained with BAg-8. 

It is seen, therefore, that excess 
time at brazing temperature is 
detrimental. 


Degree of Vacuum 

Most of the brazes made during 
this study were made under labora- 
tory conditions that permitted the 
use of vacuum levels that would be 
impractical to achieve in commercial 


practice. In order to study the 
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Photomicrograph of a weldment in which no efforts 
were made to protect the steel and titanium from each other. 
(Reduced by '/; upon reproduction.) The hardness 


250. 
numbers are shown 


effect of less perfect vacuums on the 
properties of the clad plate, sand- 
wiches HC-25 and HC-30 through 
HC-34 were prepared using BAg-8 
filler metal. The vacuum levels 
studied were from 15 to 500 microns 
(as compared to less than 0.1 
microns for the majority of the 
previous work). 

The shear strengths of the re- 
sultant sandwiches ranged from 





Table 2—Shear Properties 
After Thermal Cycling 


Thermal 

cycles, Average 
ambient Shear shear 
Specimen to strength, strength, 
no. 650° F psi psi 

27,800 

22,000 

29,050 

25,700 

23,450 

30, 300 

16,100 

18,600 

24,600 

25,800 

27 ,000 

23,000 

19,450 

24,600 

18,250 

17,400 

26 ,500 

28,700 

25,000 

22,000 

25, 300 

20, 300 

27,150 

20,800 

22,200 

24,500 

28 ,000 

18, 300 
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Fig. ‘2 Photomicrograph ae weidment in which ¢ no efforts were 
made to protect the steel and titanium from each other. xX 
(Reduced by '/; upon reproduction.) Vickers hardness 


18,400 to 29,360 psi. The results 
showed no adverse effect on shear 
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Fig. 13—Joint designs studied 





Joint design 1a 


Joint design 2a 


Fig. 14—Photomacrographs of welds made using joint designs la, 2a and 2b 


oes es ‘ . 
Welding data: Titanium—single pass, no filler metal added 


strength of brazing in a vacuum as 
poor as 500 microns. 


Surface Preparation 


Sanding is the normal method of 


preparing the components of the 
composite for brazing on this pro- 
gram. ‘Twosandwiches, HC-11 and 
HC-15, were brazed using com- 
ponents which had been prepared by 
sandblasting. Silver was the filler 
metal in HC-11, and BAg-8 in 
HC-15. The shear strengths ob- 
tained were relatively low, 11,820 
psi for HC-11 and 12,750 psi for 
HC-15. 


Fig. 15—-Free-bend specimen from weld 
samples made according to joint design 
lb 


Welding data Titanium—two passes at 150 
amp. First pass for fusion-—-Second pass Ti-75A 
filler metal added 


l 


One pass—filler metal 
added both passes 


r 4 
c 


One pass—no addi- 
tional filler metal 


Commercially Produced 
Titanium-Clad Steel 

The culmination of this phase of 
the study was the production of a 
30-in. square titanium-clad steel 
plate by commercial techniques. 
The plate designated HC-39 was 
made under production conditions 
by the producer using BAg-8 filler 
metal, then sent to Armour for eval- 
uation. The titanium was approxi- 
mately '/s in. and the steel */; 
in. The plate was sectioned to 
produce bend, shear and metallo- 
graphic specimens plus material to 
initiate the welding studies. The 
average shear strength of this, the 
first commercially produced plate, 
was slightly in excess of 20,000 psi. 

Figure 9 is a photograph of typical 
bend specimens taken from this 
plate. Bends of 180 deg were 
sustained with the titanium in 
tension or compression. 

Additional commercially _ pro- 
duced titanium-clad steel plate was 
utilized to determine elevated-tem- 
perature shear strength and room- 
temperature shear strength after 
thermal cycling. From Fig. 10 
it can be seen that a shear strength 
of 9000 psi is retained at a tempera- 
ture of 1200° F. From Table 2, 
as many as 20 cycles between 
ambient and 650° F did not affect 


Joint design 2b 


-in. thoriated-tungsten electrode, 85 amp, 12 cfh argon 


room-temperature shear strength 


adversely. 


Welding of Titanium-Clad Steel 

Although the welding of either ti- 
tanium or steel individually pre- 
sents no problem, the welding of 
titanium-clad steel is complicated by 
the possibility of interaction be- 
tween the two. Figures 11 and 12 
illustrate the effects of using uncon- 
trolled welding techniques wherein 
the iron and titanium were allowed 
to alloy with one another. Vickers 
microhardness values are shown. 
Figure 11 shows the extreme hard- 
ness difference within the small 
area covered by this photomicro- 
graph. Figure 12, a photomicro- 
graph of the heat-affected zone to 
the right of the weld shown in Fig. 
11, illustrates the effect on the filler 
metal itself. It, too, has become 
hardened and embrittled to such a 
degree that cracking is prevalent 
throughout the area of the joint 
shown. 

Two means for overcoming the 
conditions shown in Figs. 11 and 12 
were utilized: (1) heat control and 
2) joint design. 

designs were 
three in much 
fourth. 


Four basic joint 
studied, the first 


greater detail than the 


3 


One pass—filler metal 
added 


4 


Two passes—filler 
metal added both 
passes 





Fig. 16—Photograph of free-bend specimens welded according to joint design 2b 


Welding data: Titanium—lInsert tacked in place at 80 amp—Fillet welds made at 140 amp—Additional 


filer metal as designated 
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These are shown in Fig. 13. The 
titanium-clad steel used for these 
studies was brazed with BAg-8 filler 
metal. 

The first welding studies con- 
ducted were made with joint de- 
signs la, 2a and 2b. Figure 14 isa 
photomacrograph of the welds ob- 
tained. Specimen la of Figure 14 
was welded according to joint la of 
Fig. 13. The titanium weld is very 
shallow, less than 50% of the thick- 
ness of the titanium clad itself; the 
steel weld, because of the necessity 
to avoid fusion with the titanium, 
does not reach the braze interface. 
This lack of 100% penetration is 
undesirable because of the reduction 
in strength by loss of cross section 
and by the presence of the notch, 
and because of the loss of corrosion 
resistance afforded by the full 
thickness of titanium. 

In view of the ease of preparation 
of joint design 1, additional weld- 
ments were made in which the ti- 
tanium weld was built up to yield a 
thickness at least as great as the 
thickness of the cladding. The 
titanium was beveled to 45 deg, as 
noted in joint design 1b of Fig. 13. 
An example of such a weldment is 
illustrated in Fig. 15. The steel 
was joined with one pass of E6013 
electrode. Next, the titanium was 
first fused together with one pass, 
and then titanium filler metal was 
added during a second pass. As can 
be seen in Fig. 15, a bend specimen 
taken from such a weldment was 
bent 180 deg without any evidence 
of failure. 

Another joint design investigated 
is 2a of Fig. 13; the resulting weld is 
shown in Fig. 14. This joint design 
permits a steel weld of complete 
penetration but does not permit 
complete’ penetration on the ti- 
tanium welds. Its advantage over 
joint design 1 is in respect to the 
penetration attainable in welding 
the steel side. 

Considerable effort was expended 
in investigating joint design 2b of 
Fig. 13. Figure 14 includes a photo- 
macrograph of such a joint. This 
sample has a 100% steel weld, a ti- 
tanium insert tack welded into 
position, and a titanium rib protect- 
ing the welded joint. The titanium 
rib which covers the clad metal is 
fillet welded into place. The fillet 
welds were single pass, with no filler 
metal added. 

A further study of joint design 2b 
incorporated multipass welding for 
joining the titanium rib to the ti- 
tanium cladding. Four weldments 
were made in order to study the 
effect of throat depth on the free- 
bend properties of the joint. (In 
practice these weldments would be 
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Fig. 17—-Photograph of free-bend specimens welded according to joint design 3 


Welding data: Titanium—-W-2 and W-4: Two passes with filler-metal addition 
Welding current: 100 amp 


Three passes with filler-metal addition. 


2 + 


Fig. 18—Welding a large titanium-clad 
steel ring from the steel side 


applied after forming. Bending 
would not be performed on these 
designs.) Figure 16 is a photograph 
of the weldments after bend testing. 
Specimens 1 and 2 were welded 
using helium as the protective gas. 
Specimens 3 and 4 were welded with 
argon as the protective gas. The 
welding technique was as follows: 
the titanium insert was tack welded 
into place, and the titanium cover 
rib fillet welded to the cladding. 
For the fillet welds, specimen No. 2 
had no filler metal added; speci- 
mens 1 and 3 were welded by a single 
pass with the addition of filler metal; 
and specimen pair No. 4 was welded 
with two passes, filler metal being 
added during both passes. All of 
the titanium-rib welds were made at 
140 amp. It is interesting to note 
that, of the eight samples shown, 
failure has occurred at the braze 
interface beneath the weld in six 
cases. This high percentage of 
failures in the braze is attributed to 
the high welding current and to the 
severity of the bend test on the 
braze in this type of joint. 

The greater the throat depth 


W-1 and W-3 


Fig. 19—Close-up view of the copper chill 
plate and inert-gas backing shield 


(more passes with additional filler 
metal), the less apt failure would 
occur through the fillet weld. This 
is verified by comparing No. 2 with 
No. 4 in Fig. 16. Also, by multi- 
pass technique the throat depth can 
be increased so that it approaches 
the initial thickness of the clad 
itself. 

Next, joint design 2c was studied. 
This technique is similar to 2b ex- 
cept that, instead of using a ti- 
tanium insert, the void was filled 
with a low-melting alloy. Two ma- 
terials were studied—solder (60% 
Sn — 40% Pb) and BAg-1 (45% 
Ag — 15% Cu — 16% Zn — 24% 
Cd). The steel welds were made, 
and the cavity was filled with either 
solder or BAg-1. The low-melting 
“fill”? was preplaced and the steel 
side heated by a gas torch. Flux 
was used to permit the filler metal to 
wet the steel. Next, the titanium 
rib was fillet welded into place in 
one pass by additional filler metal. 
Failure in five cases out of eight 
again occurred through the brazed 
bond. 

The next joint design studied was 
that depicted by 3 of Fig. 13. A 
preformed titanium rib was utilized 
in place of the insert plus cover rib. 
Figure 17 is a photograph of the 
bend specimens from this series. 
W-1 and W-3 of Fig. 17 had their 





preformed ribs fillet welded into 
place with three passes of additional 
filler metal. W-2 and W-4 were 
welded with two passes of additional 
filler metal. The benefit to the fillet 
weld derived by the additional pass 
is readily seen. Both W-1 and W-3 
were bent as far as the jig would per- 
mit without failure. W-4 failed 
through the weld due to lack of 
throat depth. Only W-2 failed 
through the brazed joint, indicating 
that multipass welding does not 
necessarily weaken the bond. The 
major drawback to the preformed 
rib is the fold that occurs in the rib 
itself, as shown in W-3 of Fig. 17. 
This fold also reduces the severe 
forces of the bend test. 

Some effort was directed toward 
the development of a technique that 
would permit welding from the steel 
side only. For this purpose, joint 
design 4 of Fig. 13 was studied. In 
this design, the steel is removed for 
a distance of */, in. on each side of 
the joint. The titanium is beveled 
to an angle of about 45 deg and two 
passes are made, the first to fuse the 
titanium and the second to add the 
filler metal necessary to obtain 
throat depth. Next, the steel insert 
is welded in place. 

Preliminary studies proved the 
need of providing first a protective 
inert-gas backing and, second, a 
chill in order to remove the heat as 
fast as possible. Initial studies were 
made on flat plate; and when a 
satisfactory technique was estab- 
lished, our laboratory was supplied 
with clad plate ('/s-in. titanium 
clad to */,-in. steel) that had been 
rolled into rings. Four small rings, 
measuring approximately 4 in. in 
width, and one large ring, approxi- 
mately 12 in. in width, were sup- 
plied. The rings were approxi- 
mately 17 in. in diam. 

A water-cooled copper fixture, in- 
corporating a copper tube through 


which the inert (helium) backing 
gas flowed, was made. This fixture 
is shown in Figs. 18 and 19. Figure 
19 is a close-up view; the two out- 
side tubes carry water while the 
center tube carries the inert gas. 

Welding was accomplished at the 
lowest current settings possible that 
would permit fusion of the titanium 
to take place. For this ring ap- 
proximately 65 amp were necessary 
to bring about satisfactory fusion 
and, yet, not produce excessive heat. 

After welding the titanium and 
steel insert, this large ring was fillet 
welded to 1-in. steel plate. The 
weld was a circumferential weld of 
steel to steel. This entire assembly 
was then given a stress-relief treat- 
ment, first at 700° F for 10 hr, in- 
spected for any signs of failure, and 
then at 950° F for 5 hr. No evi- 
dence of weld failure or braze failure 
was observed. 


Summary 

1. A method has been described 
for producing titanium-clad steel by 
the patented sandwich vacuum- 
brazing procedure. The strongest 
claddings (shear strength > 20,000 
psi) were produced using BAg-8 
brazing alloy (the silver-copper 
eutectic composition) at its lowest 
possible brazing temperature (1460 
to 1500 F). 

2. It was demonstrated using 
pure silver-brazing alloy that pro- 
motion of base metal-filler metal dif- 
fusion and interaction by excessive 
brazing temperature, or holding at 
the brazing temperature, lowers the 
shear strength of the brazed bond. 

3. Over the range of vacuum 
from 0.01 to 500 microns, the shear 
strength of the brazed bond of the 
cladding is independent of degree of 
vacuum. 

4. The use of sandblasting in- 
stead of sanding to prepare the 
cladding components for brazing 


reduced the shear strength of the 
brazed bond. 

5. The shear strength of ti- 
tanium-clad steel decreases with 
temperature, retaining a strength of 
9000 psi at 1200° F. 

6. As many as 20 thermal cycles 
between room temperature and 
650° F have no adverse effect on 
the shear strength of titanium-clad 
steel. 

7. The first commercially pro- 
duced plate of titanium-clad steel 
(5 ft square) exhibited an average 
shear strength over 20,000 psi; 
specimens were capable of with- 
standing bends of 180 deg without 
failure with the titanium in tension 
or compression. 

8. Studies on the welding of 
titanium-clad steel have demon- 
strated joint designs and welding 
procedures for making sound ductile 
weldments. 
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according to the desired width. 
The saddle-shaped surfaces were 
designed to provide maximum thick- 
ness at the center of the reduced 
section. 

Tests were conducted on a plate 
bending machine. One end of the 
specimen was clamped in a vise and 
the other end was oscillated by a 
motor-driven eccentric and connect- 
ing rod. Because of the shape of 
the reduced section, the axial stress 


in the center was greater than at 
the edge. By varying the contour 


of the saddle shape and the width of 


the specimen at the reduced section, 
it was possible to obtain any de- 
sired value for edge-to-center stress 
ratio. Then by observing crack 
origin location, the relative prob- 
ability of edge and non-edge cracks 
could be determined as a function 
of edge-to-center stress ratio. 
Results obtained with 5052-H34 
aluminum alloy specimens show that 
the reduction of fatigue strength at 
the edge decreases as the specimen 
width decreases, and that no reduc- 
tion might be expected for a speci- 
men of zero width. From this it 


appears that the probability of 
fatigue cracking at the edge is not 
caused by lack of restraint but by 
the strengthening effect of biaxial 
stress on the surface away from the 
edge. 

By changing the radius and in- 
cluded angle at the edges of the 
specimen’s reduced section, the tech- 
niques used in these tests can be 
adapted to investigate the influence 
of other geometrical factors on metal 
fatigue. As the results depend on 
the comparative fatigue strength 
of different portions of individual 
specimens, many possible sources of 
error are eliminated. 
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Methods For End Capping Zirconium-Clad Reactor Fuel Pins 


Development program indicates that best seal is obtained 
by using a fuel pin in which the core is recessed to receive 
an end-cap insert that is attached and sealed by arc welding 


SY .s. 5. VAG, R. 


ABSTRACT. As part of a develop- 
ment program conducted for Atomic 
Power Development Associates, sev- 
eral methods for attaching end caps 
to fuel pins were studied. The method 
providing the best seal involved the 
use of a fuel pin in which the core was 
recessed to receive an end-cap insert 
that was attached and sealed by arc 
welding. The strength of the resulting 
end cap-to-fuel pin joint was low be- 
cause all loading was supported only by 
the 4-mil thick cladding. 

Resistance-upset butt welding using 
sleeves to limit outward upset gave 
the strongest end cap-to-fuel pin 
joints. However, contamination of 
the fuel-pin surface or exposure of the 
core alloy at the weld joint was ob- 
served in nearly every joint made by 
resistance welding. The joint design 
giving most consistent results was one 
in which the fuel pin was beveled 
slightly and welded to a flat end cap. 
Very little end preparation of the fuel 
pins was required for resistance weld- 
ing. 

Of the other methods explored, the 
mechanical attachment of end caps 
by a _ recessed-joint design and a 
grooved end-cap insert, offered some 
promise. With this type of joint 
design only a mechanical seal is formed 
and only about half the strength of end 
caps attached by arc welding was 
obtained. 


Introduction 

Atomic Power Development Asso- 
ciates, Inc., is a nonprofit member- 
ship corporation chartered in the 
State of New York and supported 
by 34 electrical power systems, 8 
manufacturing enterprises and 4 
engineering organizations. The ob- 
jective of APDA is the development 
of nuclear energy as a commercially 
practicable means of producing elec- 
tric power. APDA sponsors re- 
search and development as part of 
its objective. A fast breeder re- 


J. J. VAGI, R. L. KOPPENHOFER and D. C 
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actor of the APDA design is being 
constructed by the Power Reactor 
Development Co., a nonprofit cor- 
poration chartered in the State of 
Michigan. According to present 
plans, the reactor will be built at 
the Enrico Fermi Power Plant of 
PRDC. 

One of the many problems in 
connection with the development 
of a_ liquid-sodium-cooled power 
reactor for APDA is associated 
with the fuel pins in the core of the 
reactor. Fuel pins on which the 
studies were made consisted of 
uranium-10 w/o molybdenum cores 
clad with 0.004-in. thick zirconium 
sheaths. The zirconium cladding, 
because of its good corrosion resist- 
ance in the liquid-sodium coolant, 
offers protection against attack of 
core material by the liquid coolant. 
The 0.158-in. diam fuel pins are 
made by a coextrusion process in 
which a metallurgical bond was 
obtained between the zirconium 
cladding and the core material. 
The complete process involves coex- 
trusion followed by swaging to final 
size, then cutting to 30-in. lengths 
for further processing. 

When the extruded fuel pins are 
cut to appropriate lengths, core 
material is exposed at each end. 
The welding studies described in 
this report were aimed at end cap- 
ping the fuel pins to seal the zircon- 
ium cladding completely to prevent 
corrosion of the core by the coolant. 


Materials Used in 
Experimental Work 

For studies discussed in this 
report, sponge-zirconium rod was 
used as the end-capping material; 
this was the same material that was 
used for cladding the fuel pins. 
Initial tests were made using a fuel 
pin consisting of a uranium-2 w/o 
zirconium core alloy with a 0.004- 
in. thick zirconium cladding. The 


core material was changed to ura- 
nium-10 w/o molybdenum shortly 
after the research program was 
started. This fuel pin also was 
clad with 0.004 in. of zirconium. 

The majority of the welding tests 
was made with 0.158-in. diam 
fuel pins and end caps. However, 
because of the fact that radiation- 
testing facilities and procedures 
required a fuel pin of 0.108-in. 
diam, several tests were made on 
samples of this diameter. In gen- 
eral, 1-in. long parts were used for 
experimental purposes. However, 
in some instances, longer parts were 
used when required by a particular 
welding process. 

Preparation of parts for welding 
consisted of machining the parts 
for various joint designs and, fol- 
lowing this, a cleaning procedure to 
remove surface dirt, grease and oil 
by degreasing in acetone or carbon 
tetrachloride. After cleaning, the 
parts were pickled to remove surface 
oxide films formed during prior 
processing. Additional information 
in connection with materials used 
for particular phases of this in- 
vestigation is given in appropriate 
sections of this report. 


Welding Tests 


The objectives of the welding 
tests were to develop joint designs, 
determine optimum welding con- 
ditions for a particular joint design 
and determine the consistency with 
which satisfactory end closures 
could be made by the particular 
method being used. 

The three methods for end cap- 
ping fuel pins which were investi- 
gated most thoroughly were: 


1. Resistance-upset butt weld- 
ing. 

2. Mechanical attachment. 

3. Inert-gas-shielded tungsten- 
arc welding. 

















Fig. 1 
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Steps followed in resistance-upset butt welding. x 1. 
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1, Parts to be welded, 


end cap on top, fuel pin on bottom, ceramic sleeve with steel backup at center; 2, 
position of parts during welding; 3, sample immediately after welding; 4, sample after 
removal of fins and flash; 5, sample after swaging one end 


Other methods studied briefly were 
as follows: 


1. Induction brazing. 

2. Induction drop welding. 

3. Induction and _ tungsten-arc 
dip sealing. 

4. Flash welding. 


Resistance-Upset Butt Welding 
Resistance - upset butt - welding 
tests were made with a 50-kva 
medium-capacity spot-welding ma- 
chine adapted for upset butt weld- 
ing. Properties desired of the re- 
sistance-welded joints were: 


1. Good 
bond. 
Good core-to-end cap bond. 
Minimum porosity. 

Freedom from surface con- 
tamination with core ma- 
terial. 


cladding-to-end cap 


m CO DS 


5. Minimum diametral upset of 


the weld to prevent exposure 
of core alloy by final ma- 
chining operations. 


For resistance welding, the parts 
were 1 in. long and either 0.108 or 
0.158 in. in diameter. The fuel 
pins consisted of a uranium-10 
w/o molybdenum core clad with 
zirconium. 

Initial tests were made to evaluate 
the merits of the following joint 
designs: 


1. Flat end cap butted against a 
flat fuel pin. 


2. Beveled joints consisting of 


a flat end cap butted against 
a beveled fuel pin. 

3. Flat end cap butted up to a 
fuel pin having a_ center 
projection machined on the 
end. 


Results obtained in the initial 


ward upsetting, a steel-backed ce- 
ramic sleeve, shown in Steps 1 and 
2 of Fig. 1, was used around the 
samples during welding. Step 3 
shows the sample in the as-welded 
condition. Steps 4 and 5 show the 
sample after the welding operation: 
Step 4 after removal of fins and 
excess upset from the end caps and 
Step 5 after swaging. 

Visual examination of resistance- 
upset butt-welded samples indicated 
that the fins were caused by hot 
metal extruding into cracks formed 
in the ceramic sleeves during weld- 
ing. In addition, die burns were 
obtained, but in most instances the 
die burns did not appear to have 
exposed core material. Radio- 
graphs of a number of samples, how- 
ever, indicated that the fins con- 
tained core material. Metallo- 
graphic examination indicated that, 
in most cases, incomplete cladding- 





Table 1—Data Obtained from Resistance-Upset Butt Welding a Flat 
Zirconium End Cap to a 10-Deg-Beveled Fuel Pin 





Static 
electrode Total 
force, Ib gather, Heat control 
Sample* Before After in. Currentt % Cycles Remarks 
A 150 150 0.029 17,600 100 5 No weld 
B 150 150 0.048 21,300 100 5 No weld 
Cc 150 150 0.046 23,000 100 5 Weld broken, no clad- 
ding-to-cap bond, 
die burns and po- 
rosity 
D 200 200 0.041 23,000 100 5 Cladding-to-cap weld 
incomplete 
E 250 250 0.041 23,000 100 5 Good bonding, po- 
rosity 
F 250 250 0.059 23,000 100 5 Good bonding, po- 
rosity 
* Zirconium inserts and fuel pins were 0.108 in. in diameter 
t Short-circuit values in amperes. 


tests indicated that a joint design 
consisting of a flat zirconium end 
cap butted up to a 10-deg beveled 
fuel pin gave the most consistent 
results. Initial tests also indicated 
that a steel-backed ceramic sleeve 
was required around the sample to 
prevent excessive outward upsetting 
at the weld. The remainder of the 
work done in resistance-upset butt 
welding consisted of developing 
optimum welding conditions for 
welding with this design. Data 
obtained from a series of samples 
resistance-upset butt welded in air 
with the 10-deg beveled joint are 
given in Table 1. 

The steps followed in resistance- 
upset butt welding are illustrated 
in Fig. 1. The parts were gripped 
in collet-type copper electrode hold- 
ers surrounded by a soft plastic- 
tubing chamber which could be 
evacuated or utilized for controlled- 
atmosphere welding. To limit out- 


to-cap bonding was obtained, and 
that core alloy was extruded through 
incomplete cladding-to-cap bonds. 

In general, core-to-cap bonds 
were complete. Figure 2 shows 
joint areas in resistance-upset butt- 
welded samples. ‘These were 0.108- 
in. diam samples, welded in vacuum 
and swaged after welding. Figures 
2a, 2b and 2c are typical of results 
obtained. Results shown in Fig. 
2d could not be consistently re- 
produced. Metallographic exami- 
nation of samples that were swaged 
after welding showed that there was 
no apparent harm to the joint due 
to swaging. 

Porosity was observed in a large 
number of joints, whether made in 
open atmosphere or with inert-gas 
shielding. A series of samples was 
degassed and welded in a vacuum 
in an effort to overcome this prob- 
lem, but no apparent decrease in 
porosity was obtained. 
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(a) Resistance-upset butt-welded joint 
with a 10-deg bevel on the end of the fuel 
pin;* porosity is typical. > 20 





(c) Typical cladding-to-cap bond show- 
ing surface contamination with core alloy. 
x 100 


(b) Typical cladding-to-cap bond show- 
ing core alloy extruded through un- 
bonded area. X 100 








(d) Best cladding-to-cap joint obtained 
in resistance-upset butt-welding tests. 
x 100 


Fig. 2—-Joint areas in samples resistance-upset butt welded in vacuum and swaged after 


welding. 


Exploratory tests also were made 
in which a number of resistance- 
upset butt-welded samples were 
sealed at the cladding-to-cap bond 
by subsequent  inert-gas-shielded 
tungsten-arc welding. Metallo- 
graphic examinations of initial sam- 
ples sealed by arc welding indicated 
that severe contamination of the 
arc-welded seal was present. 
Mechanical Attachment 

Studies were made in an effort 
to determine if a zirconium end 
cap might be interlocked or, in some 
other mechanical way, be attached 
to a fuel pin to provide a satisfac- 
tory method forend capping. Weld- 
ing studies indicated that condi- 
tions for resistance welding were 
extremely critical when attem™ting 
to obtain a bond in both the core- 
to-cap and cladding-to-cap joint 
areas. For this reason, it was 
believed that a mechanical joint 
was desirable if an attachment 


could be made. 
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Etchant: 30 lactic acid, 20 nitric acid, 1 hydrofluoric acid 


Exploratory tests were made us- 
ing a joint design in which the fuel 
pin was recessed for a grooved 
zirconium insert. The parts used 
were 1 in. long by 0.158 in. in 
diameter, and consisted of a zir- 
conium end cap and a uranium-10 
w/o molybdenum core clad with zir- 
conium. Two0.008-in. deep, 0.026- 
in. wide grooves were machined 
in the portion of the end cap that 
fit into the recess. The 0.004-in. 
thick recess wall (the cladding) 
then was deformed into the grooves 
to form the mechanical attachment. 
Figures 3 and 4, respectively, show 
a longitudinal section of a typical 
joint made by this method and the 
apparatus used to deform the recess 
wall into the grooves. This type 
of joint was found to separate under 
a tensile load of about 18 lb. 


Inert-Gas-Shielded Tungsten-Arc 
Welding Tests 


After obtaining a mechanical 
joint using the recessed fuel pin, 





Fig. 3—Longitudinal section of a mechani- 
cal joint formed by compressing the clad- 
ding into grooves in the zirconium insert. 
Etchant: 30 lactic acid, 20 nitric acid, 
1/, hydrofluoric acid. X 10 


attempts were made to improve its 
strength and also its seal character- 
istics with an_ inert-gas-shielded 
tungsten-arc weld. It was believed 
that an arc weld between the outer 
lip of the recess wall and the zir- 
conium insert would greatly improve 
the joint. Therefore, tests were 
made in an effort to develop welding 
conditions and also a procedure for 
welding the 0.004-in. thick zirco- 
nium cladding to the zirconium in- 
sert (the grooves were not machined 
in the insert for these tests). 

All inert-gas-shielded tungsten- 
arc welding tests were made with 
a 300-amp d-c welding machine 
connected for straight-polarity oper- 
ation. High-frequency current was 
used for arc starting and for main- 
taining arc stability during welding. 
Initially, a flowing-argon shield 
with only the torch cup was used; 
however, later tests showed that the 
shielding could be improved if the 
argon flow were directed into a glass 
shield around the part being welded 

Two joint designs were investi- 
gated for sealing the ends of coex- 
truded fuel pins by inert-gas-shielded 
tungsten-arc welding: 


1. Fuel pin recessed for a zir- 
conium insert. 

2. Zirconium end cap recessed 
for a fuel-pin insert. 


Samples used in these tests were 
0.158 in. in diameter and varied in 
length from 1 to 2 in. Fuel pins 
used in these tests consisted of a 
uranium-10 w/o molybdenum core 
with a 0.004-in. thick zirconium 


cladding. After machining, the 
samples were degreased with 
acetone. 


The first joint design studied 
consisted of a fuel pin which was 
recessed to a depth of 0.125 in. for a 
zirconium insert. For welding, the 
samples were rotated under a 
pointed tungsten electrode. The 
seal was made by melting a 0.020- 
in. high by 0.010-in. wide flange, 














machined on the zirconium insert, 

down over the outer lip of the recess 

wall. Initial tests indicated that it 
was necessary to drill a hole in the 
insert to allow the escape of hot 
gases during welding; otherwise, 
dade : the hot, expanded gas caused the 
oar om = pe een — formation of large blowholes at the 
end of the weld. The gas-escape 

Pe Leen hole could later be sealed by insert- 

cylinder ing a close-fitting zirconium wire 

and melting the extended end down 
over the sample. Figure 5 shows 
decent | the joint design used in these tests. 

zirconium This type of joint failed under a 

meert tensile load of approximately 35 lb 

nieisiaes culate and all failure occurred in the recess 
| washer wall outside the weld. 

Grooves | Metallographic examinations of 
sample arc-welded end _ closures 
| showed that good welds could be 

made by this method. Figure 6 
Fuel H+—Zirconium | shows a typical end-cap attach- 

| 

| 

| 
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on cladding ment made by _ inert-gas-shielded 
-——___ tungsten-arc welding. The weld 


Core 5" 





shown in Fig. 6 was made with a 
welding current of 27 amp, 18 v, 
| 70 rpm rotational speed, 2.67 second 
zm EE arc time, 5 to 9 mil starting arc 
length and 10 cfh argon gas flow. 
Fig. 4—Apparatus used in deforming recess walls into With respect to seal characteristics, 
zirconium-insert grooves the joint design in which the fuel 
pin is recessed for an end-cap attach- 
ment by arc welding is believed to 
be one of the most promising 
developed so far. 
Exploratory tests only were made 
on another joint design in which a 
fuel pin was inserted in a recessed 
zirconium end cap. For initial 
) investigations, a close-fitting 0.010- 
Escape hole in. wall zirconium tube, with a 
0.020-in. high by 0.010-in. wide 
flange on one end, was placed over 
a fuel pin. Figure 7 shows the 
joint designs used in these tests. 
Attempts were made to weld the 
: tube to the 0.004-in. zirconium 
_Aircumferential cladding by inert-gas-shielded tung- 
/. flange machined sten-arc welding in three ways: 
‘ Fd on insert 5 
Position —e=C— Zirconium) |jinsert 1. Melting the flange down on 
of tungsten 1 | the cladding. ; 
electrode | 2. Welding the 0.010-in. thick 
for welding edge. 
3. Welding on the zirconium 


———-o tubing wall in an effort to 
| recess penetrate into the cladding 


























~ 








wall and obtain a bond. 


Results of initial tests indicated 
that welding on the tubing wall 





i " w e 
Re le Yo Fircentem showed the most promise. Further 
pine cladding tests, aimed at developing welding 


conditions for this method, indicated 

that results were very inconsistent 

in that weld penetration often pro- 

10” duced melting of the core and sub- 

sequent alloying of the core material 

} and weld metal. Attempts to limit 

7 weld penetration into the cladding 

Fig. 5—Recessed fuel pin for zirconium-insert joint design used to a depth of 0.004 in. (wall thick- 
in inert-gas-shielded tungsten-arc welding tests ness) were not successful. 
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Miscellaneous End-Capping Studies 
Studies also were made on a 

number of other methods for sealing 

the ends of coextruded fuel pins: 


1. Induction drop welding. 

2. Induction brazing. 

3. Dip sealing. 

4. Flash welding. 

In general, tests made by these 
methods were of an exploratory 
nature. The objectives of the 
tests were to determine the feasibil- 
ity of each method alone or in con- 
nection with some other method 
for sealing the fuel pins. 


Induction Brazing 


Attempts to end cap coextruded 
fuel pins by induction brazing were 
made in three ways: 


1. Using zirconium foil as filler 
metal. 
Using 
metal. 
Using nickel plating on zir- 
conium as the braze metal. 


nickel foil as braze 


Results from exploratory tests on 
induction brazing with a 0.010-in. 
thick zirconium disk and a 0.005- 
in. thick nickel disk indicated that 
neither method offered much prom- 
ise. The joint design used con- 
sisted of a flat 0.158-in. diam zir- 
conium-clad uranium-2 w/o zirco- 
nium fuel pin butted up to a flat 
0.158-in. diam zirconium end cap 
with the brazing-foil disk inserted 
between the parts. A_ one-turn 
transformer (concentrator), sur- 
rounded by the induction-heater 
coil, was used to concentrate the 
heat in the joint. Because the 
melting temperature of the ura- 
nium-2 w/o zirconium core alloy 
was lower than that of zirconium, 
the temperature required to braze 
the parts with nickel foil or weld 
the parts with zirconium foil re- 
sulted in considerable melting of the 
fuel and considerable surface con- 
tamination. 

Exploratory induction - brazing 
tests also were made using zirco- 
nium end caps plated with nickel. 
A eutectic alloy is formed at about 
1750° F between nickel and zir- 
conium and it was believed that a 
satisfactory brazed joint could be 
obtained. The joint design used 
in these experiments consisted of a 
0.158-in. diameter uranium-10 w/o 
molybdenum zirconium-clad fuel pin 
recessed 0.125 in. deep for a nickel- 
plated zirconium insert. The re- 
cessing operation was designed to 
remove all core material, leaving 
only the 0.004-in. thick zirconium 
wall. Figure 8 shows the joint 
design used in these tests. Heat 
was concentrated in the joint with a 
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(a) Longitudinal section bead position, 
penetration and evacuation hole. €Et- 
chant: 5 g ammonium bifluoride-95 cu 
cm water. xX 20 


(b) Inert-gas-shielded tungsten-arc weld 
bead obtained by melting flange down 
over recess wall. Etchant: 5 g am- 
monium bifluoride-95 cu cm water. x 75 


Fig. 6 Longitudinal section of inert-gas-shielded tungsten-arc welded seal made with 


a recessed fuel pin and an end-cap insert. 
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(Reduced by '/. upon reproduction) 
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Fig. 7~-Type of sample used for inert-gas-shielded tungsten-arc welding 
tests showing three positions for welding 


one-turn transformer coupled with 
the coil of the induction heater. 
Brazing was done in a flowing-he- 
lium atmosphere to reduce contam- 
ination that would otherwise result 
in an open atmosphere. In ex- 
ploratory tests, the thickness of the 
nickel plate was approximately 
0.001 to 0.002 in. Heat and time 
were varied in an attempt to obtain 
optimum brazing conditions. 

Metallographic examinations in- 
dicated that cracking occurred in 
the braze and in some instances the 
entire recess wall alloyed with the 
nickel-braze metal. It appeared 
that when the entire recess wall 
alloyed with the nickel, severe 
cracking was obtained, but when 
only a portion of the recess wall 
alloyed with the nickel, the crack- 
ing did not progress to the outside. 
The examinations also indicated 
that the core material was not 
entirely removed from the recess 
walls. Figure 9 shows transverse 
sections of joint areas of a sample 
made by induction brazing with 
nickel. 


Induction-Drop Welding 


The purpose of the induction- 
drop welding tests was to determine 
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Joint design used in test made 


whether a molten drop of zirconium 
could be dropped onto the end of a 
fuel pin to form a bonded coating 
that would be free from core 
material. 





(a) Transverse section of recessed in- 
duction-brazed joint showing cracking 
and irregular bonding around the circum- 
ference. Etchant: 30 lactic acid, 20 nitric 
acid, 1 hydrofluoric acid. X 20 


(b) Section of same sample as above 
showing crack in area where excessive al- 
loying occurred. Etchant: 30 lactic acid, 
20 nitric acid, 1 hydrofluoric acid. x 100 


Fig. 9—Appearance of recessed induction-brazed joint. 


(Reduced by '/, upon reproduction) 


Fuel pins used in these tests 
were 0.158 in. in diameter and con- 
sisted of a uranium-2 w/o zirco- 
nium core with a 0.004-in. thick 
zirconium cladding. The molten 
drop was obtained by induction 
heating the end of a_ 0.160-in. 
diam zirconium rod. 

The fuel pin was held in a vertical 
position with the zirconium rod 
directly above at distances ranging 
from '/\, to '/s in. The heat re- 
quired to melt a drop from the 
zirconium rod was concentrated at 
the end of the rod by a one-turn 
transformer (concentrator ) sur- 
rounded by the induction-heater 
coil. Melting was done in an evac- 
uated chamber to prevent contam- 
ination of the heated materials 
from the atmosphere. 

Results of these tests indicated 
that bonding was very poor and 
also that fuel alloy remained ex- 
posed in every sample. Figure 
10 shows a typical sample obtained 
in the tests. It is believed that the 
heat required to obtain a good bond 
and to seal the fuel pin would be 
sufficient to melt the core material 
and cause contamination of the 
zirconium droplet in every case. 


Fig. 10—-Longitudinal section of an induc- 
tion drop-welded sample showing areas 
in which fuel is exposed to the surface. 
Etchant: 30 lactic acid, 10 nitric acid, 2 
hydrofluoric acid. xX 10 


Dip Sealing 

Additional sealing tests were 
made on samples supplied by APDA 
that were swaged to a point without 
rupturing the cladding. APDA ad- 
vised that the tips of the pointed 
fuel pins could not be sealed by 
swaging. It was therefore desir- 
able to find a method for sealing the 
ends of the swaged fuel pins to 
prevent direct access of the sodium 
heat-transfer medium through the 
unsealed ends of the fuel pins. 
Figure 11 shows a longitudinal sec- 
tion of a fuel pin swaged to a point. 
The direct-access paths through 
which corrosion might occur are 
evident in this photomicrograph. 

Exploratory tests on zirconium- 
clad uranium-10 w/o molybdenum 
fuel pins aimed at providing a seal 
at the pointed ends were made by 
two methods: 


1. Dipping the end of the sample 
in molten zirconium. 

2. Drilling the pointed end, in- 
serting a zirconium wire and 
melting the wire down over 
the end of the sample. 


Two methods for heating were 
used to supply molten zirconium 


Fig. 11—-Longitudinal section of a fuel pin 
pointed by swaging. Etchant: 30 lactic 
acid, 20 nitric acid, 1 hydrofluoric acid 
x 100 


for the dipping tests: 
1. An inert-gas-shielded tung- 
sten arc. 
2. Induction heating. 


It was found that best results could 
be obtained by melting a pool in a 
bar of zirconium with an inert-gas- 
shielded tungsten arc. The sample 
was held above the zirconium bar 
and positioned to be dipped in the 
molten pool. The tungsten elec- 
trode was held at an angle to allow 
the sample to be dipped vertically. 
When a puddle of molten zirconium 
about i¢ in. in diameter was 
formed, the pointed end of the sam- 
ple was dipped into the puddle for a 
short time, then removed. Pro- 
cedures followed when using in- 
duction heating were similar except 
that the molten zirconium was 


Fig. 12 Longitudinal section of a pointed 
fuel pin in which a zirconium wire was 
melted down over the tip of the pointed 
sample. (Reduced by upon reproduc- 
tion.) Core materialis exposed. Etchant 
30 lactic acid, 20 nitric acid, 1 hydrofluoric 
acid x 50 


supplied by melting the tip of a 
0.160-in. diam rod by induction 
heating. ‘The samples were dipped 
in the molten zirconium as quickly 
as possible in an attempt to elimi- 
nate melting of the core alloy, and 
also to insure removal of the sample 
prior to solidification of the pool 
or droplet. 

Metallographic examinations in- 
dicated that poor bonding was ob- 
tained between the sample and the 
droplet and also that the core ma- 
terial had melted, causing consider- 
able surface contamination in each 
sample examined. 

Procedures followed in the tests 
on the second method for sealing 
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pointed fuel pins consisted of start- 
ing an arc between two tungsten 
electrodes mounted horizontally. 
The extended portion of the zir- 
conium wire which was inserted in 
the drilled fuel pin then was raised 
into the argon-shielded arc until a 
molten droplet formed over the tip 
of the sample. Metallographic ex- 
aminations indicated that core ma- 
terial melted and was exposed to the 
surface. Figure 12 shows results 
obtained when this method was 
used. 

It is believed that, because of 
difficulties such as poor bonding, 
and surface contamination, the 
methods studied did not improve 
the corrosion resistance of the 
swaged fuel pin. Considerable ef- 
fort would be required to develop 
either of these two methods into a 
useful process. 

Flash Welding 

Exploratory tests were made to 
determine the characteristics of a 
flash-welded joint made between a 
zirconium end cap and a zirconium- 
clad uranium-2 w/o zirconium fuel 
pin. Parts used in this investiga- 
tion were 0.158 in. in diameter by 
1'/. in. long. A square-butt joint 
was used in initial tests. Further 
investigation indicated that the 
flashing characteristics were con- 
siderably improved by machining a 
bevel on the zirconium end cap. 
Metallographic examinations indi- 
cated that excessive surface con- 
tamination by the core alloy was 
obtained in every case. 


Discussion 
Of the joining methods studied 


in this investigation, resistance- 
upset butt welding and inert-gas- 
shielded tungsten-arc welding were 
believed to show the most promise 
of producing a satisfactory end 
closure. Metallographic studies 
and dye-penetrant examinations in- 
dicated that fair results were ob- 
tained from these methods. How- 
ever, the consistency with which a 
satisfactory resistance-upset butt- 
welded joint could be produced was 
poor, and the cost in producing an 
arc-welded joint was high. 

Several defects in the resistance- 
welded joint made it undesirable. 
The major defect encountered was 
the extrusion of core material caused 
by upsetting of molten or plastic 
core material through the cladding- 
to-cap joint during welding. The 
core material was deposited on the 
surface of the sample, producing 
considerable surface contamination. 
The resistance-welded joint was 
found to be superior in strength to 
all other joint designs studied; 
however, the porosity, die burns 
and surface contamination obtained 
in the resistance-upset butt-welded 
samples are believed to be excessive. 

It was found that §satisfac- 
tory inert-gas-shielded tungsten-arc 
welded joints could be consistently 
made when using recessed fuel pins 
and zirconium inserts. The fore- 
most problem in producing an end 
closure of this type was considered 
to be the accountability costs for 
the fuel materials removed during 
recessing the core of the fuel pin. 
Although the strength of an arc- 
welded joint was considerably lower 
than that of a_ resistance-welded 


joint, it was believed the integrity 
of end seals made by inert-gas- 
shielded tungsten-arc welding was 
satisfactory. It is believed that 
additional variations and improve- 
ments can be made to improve arc- 
welded end closures from the pro- 
duction and quality standpoint. 

Mechanical joints also involved 
a problem of accountability of 
reactor materials. The joint in 
which a fuel pin was recessed for a 
grooved zirconium insert did not 
meet the strength requirements of 
the end closure. 

Studies made on sealing the ends 
of fuel pins pointed by swaging 
indicated that the end closure could 
not be improved by any of the 
methods studied. Defects such as 
poor bonding and considerable sur- 
face contamination were obtained 
in every sample made. A complete 
investigation of the possibilities of 
sealing a fuel pin swaged to a point 
was not made. It is believed that 
further studies are required to 
evaluate fully the dipping pro- 
cedures that might be used to seal 
ends pointed by swaging. 
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Brazing by the Diffusion-Controlled Formation 
of a Liquid Intermediate Phase 


Successful brazes can be made at temperatures considerably 

below the melting point of any of the component parts of an assembly 
if the materials are such that the pertinent equilibrium 

diagram contains a low-temperature liquid phase 


BY JAMES F. LYNCH, LESTER FEINSTEIN AND ROBERT A. HUGGINS 


Introduction layer of liquid will be formed. A Fig. 2. Since diffusion is a kinetic 
It is generally considered to be schematic composition profile for process, the physical location of 
desirable to perform brazing opera- such a case after a small amount of the interphase boundaries will 
tions at as low a temperature as diffusion has taken place is shown in change as a function of time. 
possible to minimize distortion and 
avoid excessive grain growth in the 
component parts, as well as to 
simplify processing. It is the pur- 
pose of this paper to show how this 
may be accomplished by the design 
of a system such that a liquid inter- 
mediate phase is generated during 
the brazing process by diffusion. 


The General Case 

Consider metals A and B, having 
an equilibrium diagram with a 
eutectic reaction at a temperature 
T;, as shown in Fig. 1. It can be 
seen that at a temperature T':,, above 
T:, metal A will dissolve X,% of B, 
and BX,% of A. At that temper- 
ature the solid solutions a and 8 will Xo X4 
be in equilibrium with an inter- 
mediate liquid phase, this liquid 
having a composition varying from 
X., in local equilibrium with a, to 
X;3, in equilibrium with 8. 

If two metals having an equilib- 
rium diagram containing _ inter- 
mediate phases are placed in inti- 
mate contact and heated to an 
elevated temperature, it is well 
known that diffusion will occur 
across the interface, resulting in the 
formation of a _ series of single- 
phase layers, one for each inter- 
mediate phase in the system. There 
will be no two-phase regions, as it 
can be shown that they are inher- 
ently unstable in such a linearly 
diffusing system. 

In the case of the A-B system 
discussed above, this means that a 


JAMES F. LYNCH and LESTER FEINSTEIN 
are associated with the General Electric Micro- 
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associated with Stanford University Fig. 2—-Schematic composition profile for case 1 














Fig. 1—Typical equilibrium diagram with eutectic point 
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Fig. 3—Typical interface between two 
general phases 


The Moving Interface 


Let us look at a typical interface 
between two general phases, P and 
Q, as in Fig. 3. 

From Fick’s First Law,' we see 
that the rate at which the diffusing 
species arrives at the interface from 


phase P is 
dM; dc 
D(Z), 


dt 


where D>» is the diffusion coefficient, 
and (dc /dx)» the concentration grad- 
ient in phase P. Likewise, the rate 
at which the diffusant leaves the 
interface and enters phase Q is 


dMe (= = 
dt ~De %)e ‘i 


where Dy, and (dc/dx)g are the 
diffusion coefficient and concentra- 
tion gradient in phase Q. 

If dM,/dt and dM,/dt are not 
equal there will be a net increase of 
diffusant at the interface. How- 
ever, equilibrium considerations 
specify that the compositions of the 
two phases at the interface shall not 
change. Therefore, there must be a 
change in the amounts of the 
two phases, or in other words, a 
movement of the interface. Since 
the compositions must remain con- 
stant, the rate of movement of the 
interface, dx dt, will be 

dx _ | dM; 
K 
dt | dt 


where K is a constant. 

It has been found in the case of 
diffusion across a planar interface of 
constant composition into a semi- 
infinite body, that the rate of trans- 
fer, dM dt, is 

dM 


dt RD (ft (4 


where R is another constant depend- 
ent upon the boundary composi- 
tions. 

Therefore, eq 3 may be rewritten 
as 


dx K | RD; _ R De 7 
dt L t t'/s ! 
K [ we ‘| (5) 
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Fig. 4 


Initial composition profile for the 


symmetrical case 


L J , 





Fig. 5—Composition profile for the sym- 
metrical case after a small amount of 
diffusion 








Fig. 6—Variation of composition profiled with time for symmetrical case 











Fig. 7—Equilibrium diagram containing depressed solidus 





Thus we see that the rate of inter- 
face movement will be inversely 
proportional to the square root of 
time. Actually, eq 5 is not strictly 
accurate, because R, and R, are also 
functions of time, due to the move- 
ment of the physical interface. In 
addition, this rate will be strongly 
temperature dependent, because 
each of the diffusion coefficients 
obeys a relation of the form 


D = Ae r 


where A and B are constants, and 
T is the absolute temperature. This 
problem will be treated more exactly 
elsewhere.? A rigorous treatment 
is not necessary for the purposes of 
the present discussion. 

’ Let us now get back to the A-B 
system. As we have seen, when an 
assembly containing metals A and 
B in intimate contact is heated to 
a temperature above T',, the eutectic 
temperature, but still below the 
melting point of either of the in- 
dividual components, a liquid layer 
is formed at the former A-B inter- 








Fig. 9—Two examples of faulty joints. 


face. Both boundaries of this 
liquid layer will move outward at 
rates inversely proportional to the 
square root of time. Its total 
thickness will therefore be propor- 
tional to the square root of time. 


The Symmetrical Case 

In some cases it may be desirable 
to use this technique to braze to- 
gether two parts of the same com- 
position, or even different compo- 
sitions, using a thin shim or plated 
layer of a metal that will produce a 
low melting point intermediate 
phase between itself and the material 
on each of its sides. 

As an example, let us assume that 
we have a thin layer of metal A be- 
tween two slabs of metal B. The 
initial composition profile for this 
case would be as shown in Fig. 4. 
After a small amount of diffusion 
has occurred, a narrow layer of liquid 
will have been formed on each side 
of the region originally 100% A, 
producing a composition profile such 
as that shown schematically in Fig. 








=f 


5. As diffusion proceeds, the thick- 
ness of the two liquid regions will in- 
crease, and that of the solid layer 
between them will decrease, A atoms 
leaving the middle area and dif- 
fusing in both directions through 
the liquid region and into the orig- 
inal B slab. The attrition of A 
atoms from the region of the original 
shim causes not only a movement 
of the a-liquid interface toward the 
centerline, but also causes the max- 
imum composition of the a region 
to decrease so that it approaches 
X,, the value dictated by equi- 
librium considerations for the a- 
liquid interface. Figure 6 shows a 
series of composition profiles for 
successive values of time. It can 
be seen that the two liquid layers 
each increase in width by growth in 
both directions until the a region 
in the center is completely con- 
sumed. They then unite to form a 
single layer. When that happens 
the boundary conditions suddenly 
change; A atoms are no longer being 
fed into the liquid region but are 
only leaving it. This causes the 
direction of motion of the L-s 
interface to reverse, so that the 
single liquid region now begins to 
become more narrow. As _ time 
passes and more diffusion takes place 
into the 8 phase, the liquid layer will 
eventually disappear completely. 
This symmetrical case is therefore 
different from the example first 
discussed, in which the thickness of 
the liquid layer continues to in- 
crease as time increases. 


Alloy Systems with a 
Depressed Solidus 


This technique is not limited to 
alloy systems exhibiting eutectics. 
It may also be applied in cases in 
which there is a depressed solidus, 
but no eutectic reaction. As an 
example, consider the case of metals 
Cand D. The equilibrium diagram 
for that system is shown in Fig. 7. 


a 
> 


Local temperature was not quite high enough, or pressure was too low 
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If pure C is placed in contact with 
D—perhaps by electroplating—and 
the assembly is heated to a temper- 
ature slightly above 7), a liquid 
layer will form at the interface, 
which will grow into both materials. 
Likewise, a thin layer of C between 
two pieces of metal D will cause the 
formation of two liquid layers that 
will combine and grow to a maxi- 
mum thickness, and subsequently 
disappear. 


Practical Considerations 

It is obvious that if an alloy sys- 
tem is chosen in which a liquid inter- 
mediate phase appears—or to put it 
another way, a low-melting liquid 
is present——it is possible to produce a 
liquid layer and thereby do a very 
satisfactory job of brazing at a 
temperature considerably below the 
melting point of either of the com- 
ponent metals. However, this proc- 
ess is dynamic, in that the con- 
ditions in the joint area are con- 
tinually changing. Therefore, the 
processing conditions must be care- 
fully controlled. For example, the 
temperature must be high enough 
so that the liquid phase is stable 
(i.e., it must be above the lowest 
eutectic or solidus temperature). 
In addition, the time at temperature 
must be long enough so that a liquid 
region of sufficient thickness is 
formed to flow so as to fill any voids 
formed by the uneveness of the 
mating surfaces, as well as to dis- 
solve any residual! surface films that 
might prevent true metal-to-metal 
contact across the joint. 

However, there is an optimum 
thickness for such a layer, because 
if it is too great some liquid may 
be squeezed out, the parts may slide 
over each other causing misalign- 
ment of the assembly, and washing- 
out or erosion may occur, partic- 
ularly on vertical joints. 


Because of the great dependence 
of the rate of growth of the liquid 
region on temperature it is very im- 
portant that the temperature not 
be higher than necessary, and that 
parts to be brazed by this technique 
be heated uniformly. If one part of 
the assembly reaches the eutectic 
or solidus temperature appreciably 
before another portion, the liquid 
layer in that area can easily grow too 
fast, producing erosion, misalign- 
ment, etc. before brazing has begun 
in the rest of the assembly. 

In general, it would be considered 
good practice to make the mating 
surfaces for such a joint as flat as 
possible, and to press them to- 
gether with a moderate force in 
order to produce uniform contact 
throughout the joint. If the sur- 
faces are rough, or the force too low, 
a thicker liquid zone will be neces- 
sary. 

In cases in which the accurate con- 
trol of temperature and time is 
difficult, the symmetrical type of 
joint has a distinct advantage, be- 
cause the liquid zone grows to a 
maximum thickness and then de- 
creases in size and disappears with 
increasing diffusion, whereas in the 
nonsymmetrical type it increases 
continuously. Likewise, it is advis- 
able to use a shim that is as thin as 
possible, so as to decrease the 
amount of growth that can take 
place in the liquid layers before the 
solid shim is completely consumed 
and contraction of the liquid region 
begins, and thus to control the max- 
imum thickness of the molten zone. 

The necessity for closer control of 
temperature and time in this type 
of process than is required in most 
brazing operations will be seen from 
the examples described below. 


Examples 
As an example of the use of this 
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Fig. 10—Example of joint in which liquid layer was formed on 
both sides of shim, but process was stopped before shim was 
completely consumed 
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technique, several joints have been 
made between titanium parts, using 
a layer of nickel 0.010 in. thick. 
This thickness was chosen to illus- 
trate the progress of the reaction. 
In actual joints, it would be much 
better practice to use a much thinner 
layer, so that considerably less liquid 
would be formed. 

The titanium-nickel equilibrium 
diagram, shown in Fig. 8, has several 
eutectics, the lowest melting at 
955° C. 

The assemblies were placed in a 
vacuum enclosure and a slight load 
was applied across the joint. They 
were heated by radiation from a 
tungsten resistor, the temperature 
of the joint area being continuously 
recorded by means of a calibrated 
thermocouple. 

If the temperature is not quite 
high enough to cause melting com- 
pletely across the joint, a sound braze 
will not be produced. Although 
such a joint may look quite accept- 
able on the surface because the 
surface reaches a given temper- 
ature sooner than the inside—it 
may leak when put in service as 
part of a vacuum enclosure. Figure 
9 shows two such examples of faulty 
joints. 

Figure 10 shows an example of a 
joint in which the two liquid layers 
have formed, but the process was 
stopped before they had completely 
consumed the solid shim material. 
Figure 11 shows a joint in which 
the solid middle layer has been 
completely consumed, but the liquid 
region is still of appreciable thick- 
ness. In the sample shown in Fig. 
12, the liquid had disappeared, leav- 
ing only steep concentration gradi- 
ents in the solid titanium. After 
the process has gone further these 
concentration gradients level out, 
and Fig. 13 shows a sample in which 
the joint has now become only a 


Fig. 11—Joint in which shim had been completely consumed but 
liquid region was still of appreciable thickness 
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Fig. 12 Joint in which the liquid region had pore o suc 


solid of high-nickel composition 


grain boundary between the two 
pieces of titanium, leaving little 
trace of the fact that any nickel 
was ever present. 


It should be pointed out that al- 
though the titanium-nickel system 
exhibits several intermetallic phases, 
and there is a general feeling that 
such intermetallic phases are detri- 
mental to the mechanical behavior of 
brazed joints, this is not a problem if 
this brazing technique is used. If 
the shim is thin enough and the 
process carried to completion, no 
intermediate phases are present in 
the final joint. 


The general problem of the effect 
of intermetallic phases on the me- 
chanical properties of brazed joints, 
of considerable interest in connec- 


Fig. 13—Example of joint in which the concentration gradients 


had disappeared to a large extent, leaving a joint that is effec- 
tively just a grain boundary 


tion with more conventional brazing 
techniques, is currently under study. 


Conclusion 

It has been demonstrated that 
successful brazes can be made at 
temperatures considerably below 
the melting point of any of the com- 
ponent parts of an assembly if the 
materials are such that the perti- 
nent equilibrium diagram contains 
a low-temperature liquid phase 
either a eutectic or a depressed 
solidus. 

The mechanism of this process has 
been discussed and the importance 
of very careful control of both tem- 
perature and time pointed out. It 
has been shown that a symmetrical 
joint originally containing a thin 
shim or plated layer is much more 


amenable to control than the asym- 
metrical type. 

This technique for producing 
brazed joints can have a number of 
advantages over more conventional 
methods because of the low-temper- 
ature requirements. As a result of 
the low temperatures necessary, 
there will be less grain growth in 
the base metals, and what is perhaps 
more important, considerably less 
distortion and dimensional prob- 
lems, particularly in assemblies con- 
taining components with different 
thermal-expansion characteristics. 
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Inspection of Brazed Joints: A Statistical 
Evaluation of Some Nondestructive Methods 


Five inspection methods are evaluated in an experiment 


designed for statistical analysis: 


X-ray, color-indicating paint, 


fluorescent paint, infrared camera and resonant ultrasonics 


BY R. R. RUPPENDER AND E. G. BIANCO 


ABSTRACT. Brazing processes, de- 
spite their inherent advantages, have 
suffered from a lack of enthusiasm in 
the aircraft industry. This has been 
caused largely by inadequate knowl- 
edge of, and little confidence in, 
existing methods of inspecting brazed 
joints. 

A reliable, economical experiment, 
designed by the authors for statistical 
analysis, compares five methods of 
nondestructive inspection on the basis 
of precision, accuracy and limitations. 
Results are shown as_ three-dimen- 
sional graphs or response surfaces. 


Introduction 


Brazing has been an important and 
widely used joining process for 
several decades. The broadest ap- 
plications of the process are found 
in mass-production industries such 
as the fields of appliance and auto- 
mobile manufacturing. The accept- 
ance of brazing in the aircraft in- 
dustry, however, has been slow. 
The absence of reliable methods of 
nondestructive inspection—partic- 
ularly as applied to aircraft stan- 
dards has been largely responsible 
for the lack of enthusiasm shown by 
designers and process engineers in 
this field. However, because of the 
inherent advantages of the brazing 
process, some search for adequate 
inspection methods was undertaken. 
The advent of “sandwich” con- 
struction added much impetus to 
this search, and many methods 
have been proposed. 

Claims for the performance of 
these methods have been quite 
empirical. Little information exists 
to indicate how the various methods 
of inspection compare on the basis 
of precision, accuracy or predicta- 
bility, or what their limitations may 
be. In order to gain information 
which could be evaluated and com- 
R. R. RUPPENDER is associated with the Flight 
Propulsion Laboratory Department and E. G. 


BIANCO is associated with the General Engineer- 
ing Laboratory at the General Electric Co. 
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pared, it was decided to perform 
an experiment which was designed 
for statistical analysis. In this 
experiment five inspection methods 
were evaluated. These were (1) 
X-ray, (2) heat-sensitive paint (color 
indicating), (3) heat-sensitive paint 
(fluorescent), (4) infrared camera, 
and (5) resonant ultrasonics. 

The results of the experiment 
were presented as three-dimensional 
graphs or response surfaces. An 
assessment of the results supports 
the following comments. 

1. X-ray and _ temperature-in- 
dicating paint showed greater pre- 
cision and accuracy than the other 
three methods. 

2. For heat-transfer methods, 
it appears that front heating is 
better than heating from the back. 

3. Heat-transfer methods are 
characterized by similar response 
patterns. 

4. The response surfaces re- 
vealed important characteristics of 
the various inspection methods 
which would have been difficult to 
detect by experimental procedures 
other than statistical analysis. 


Description of the Experiment 


The statistical approach was de- 
cided upon before the experimental 
procedure was planned. The rea- 
sons for using this approach rather 
than the conventional, or one-at-a- 
time methods, were as follows: 

1. Efficiency andeconomy. Rel- 
atively few tests need be 
performed. 

2. Ability to account realisti- 


cally for experimental cer- 
tainties. 

3. Adaptability to electronic 
computation. 


4. Ability to detect and measure 
interaction effects. 


As a result, four variables con- 
sidered for each of five inspection 
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Fig. 1 Specimen 


methods yielded measures of accu- 
racy, functional relationships, side 
effects and interactions, while em- 
ploying only 24 samples. These 
considerations are of prime impor- 
tance in inspection processes. 

Because of these qualities of 
statistical analysis, the authors 
hoped to be able to obtain some 
measure of precision (reproduci- 
bility), and to be able to measure 
parameters such as ability to re- 
solve, so as to permit fairly direct 
comparisons of the methods. 

In order to take advantage of the 
statistical approach, it was neces- 
sary to design a specimen. Our 
decision to use the specimen illus- 
trated in Fig. 1 was dictated by the 
desire to use the ““T”’ type of joint 
while favoring sandwich-type con- 
struction. Voids would be inten- 
tionally built into the joints, hav- 
ing sizes and positions prescribed 
by the experimental design. How- 
ever, because of manufacturing 
difficulties, it was impossible to meet 
design requirements for void size 
and spacing. Therefore, after all 
tests had been run, the specimens 
were destroyed and inspected. Prior 
to the manufacture of the specimens, 
it had been planned to inspect them 
internally by using the borescope. 
This method proved unreliable, 
however, and destructive inspection 
following the tests was required 
for this reason as well as the other. 








Testing the Specimen 


Radiographic Inspection (X-ray) 
a. Machine Setting. 180 kvp; 
10 ma; 6 ft F-F. 


6. Film. DuPont, No. 510. 
c. Screens. 0.005 in. lead at 
film. 


d. Exposure Times. 90sec stand- 
ard. Variations from 30 to 360 
sec were made under some condi- 
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Fig. 2—X-ray: resolution vs. core height 
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Fig. 3—-Stub-meter: resolution vs. skin 
thickness (core thickness—8 mils; core 
height—188 mils) 


tions, such as unusual inclination of 
specimen. 

e. Interpretation. The X-ray 
film was put on a standard illu- 
minated viewer, and measurements 
were made with a pocket scale. 


Heat-Sensitive Paint Inspection 
(Color Indicating) 

a. Equipment and Materials. 
Color-indicating, heat-sensitive paint 
was applied with a standard paint 
spray gun. Heat was applied with 
a propane or natural-gas_ torch 
equipped with a flame spreader. 

b. Procedure. After cleaning 
and degreasing, each side of the 
specimen was sprayed with 3 to 5 
thin coats, or just enough to im- 
part a pink color, drying between 
coats. One surface was then heated 
evenly and rapidly. As soon as 
a pattern appeared, the torch was 
quickly removed and the surface 
quenched with a stream of com- 
pressed air. Core legs showed as 
pink lines. Transition tempera- 
ture is about 240° F. 

c. Interpretation. Since _ the 
color change in the pigment was 
permanent, the positions and loca- 
tions of voids were marked with 
pencil after the specimen had cooled. 
Measurements were then made with 
a pocket scale. 

Heat-Sensitive-Paint Inspection 
(Fluorescent) 

a. Equipment and Materials. 
Fluorescent paint was applied with 
a standard paint spray gun. Heat 
was applied with an electric hot 
plate equipped with variable trans- 
former control. Fluorescence was 
excited by radiation from an ordi- 
nary ultraviolet lamp. The fluores- 
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Fig. 4—Temperature-sensitive paint (fluorescent): resolution 
vs. skin and core thickness (core height—10 mils) 
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cent paint is made from a special 
heat-sensitive phosphor and an 
acrylic vehicle thinned with xylene 
and /or acetone. 

6. Procedure. After cleaning 
and degreasing the specimens, they 
were spray coated (several coats) 
on one side to show an even yellow 
color. A specimen was then placed 
on the hot plate, power on the low 
setting, and an ultraviolet lamp 
directed at the painted surface. 
Observation was made in a darkened 
room. Hot-plate temperature was 
gradually increased. As soon as a 
pattern appeared, compressed air 
was directed at the surface which 
was then quickly marked with a 
pencil. 

In this test, the coating fluoresces 
bright yellow up to about 350° F. 
Above this temperature, fluores- 
cence ceases and the surface turns 
black. When the heat conducted 
up the legs of the core raises the sur- 
face to transition temperature, bond 
lines appear black on a bright-yellow 
background, and voids appear as yel- 
low spots on the black lines. Had 
these specimens been of greater mass, 
the heat might have been applied to 
the painted surface. This would have 
given a pattern of yellow lines on 
black. 

c. Interpretation. The distances 
to and between pencil marks were 
measured with a pocket scale. 


Inspection with the Infrared Camera 

a. Equipment and Materials. The 
infrared camera is an optical instru- 
ment which displays an image of the 
effect of infrared radiation on a thin 
film of oil. In operation the focused 
infrared beam falls on an extremely 
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Fig. 5—Temperature-sensitive paint (fluorescent): 
vs. skin and core thickness (core height—45 mils) 
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thin film of oil which is supported on 
a thin plastic membrane in an 
evacuated chamber. The oil film is 
illuminated and observed by re- 
flected light. The pattern of infra- 
red radiation evaporates the film of 
oil unevenly, thereby causing 
changes in its thickness. This is 
visible as a difference in interference 
colors. An automatic camera is 
mounted near the eyepiece. 

The instrument used for these 
measurements was a _ laboratory, 
optical bench model. It had been 
modified from the standard device 
by the incorporation of a_ solid 
Germanium objective lens. This 
changed the optical system from re- 
flective to refractive, increased ef- 
fective aperture, and reduced mini- 
mum lens-to-subject distance from 
about 12 ft to less than 1 ft. It is 
claimed that this equipment can de- 
tect temperature differences of less 
than 0.5° C. 

6. Procedure. The test panel 
(surfaces painted dull black) was 
placed about 24 in. from the objec- 
tive lens, with faces normal to the 
optical axis. A fishtail propane 
flame was passed quickly over the 
surface. As soon as the flame was 
out of the field, the shutter was 
opened for '/, sec. This was re- 
peated until the best pattern de- 
velopment was observed, and color 
photographs were taken. 

c. Interpretation. Color slides 
were projected at known magnifica- 
tion, and measurements were made 
with a pocket scale. 

Inspection with the Stub-meter 

a. Equipment and Materials. The 
instrument used was the “Stub” 
(Stanford Ultrasonic Bond) meter 
which was developed originally for 


the nondestructive testing of resin- 
bonded sandwich. In this tech- 
nique, a barium-titanate transducer 
is coupled via an oil film to the 
specimen. When excited electri- 
cally, the transducer vibrates and 
imparts some of the vibrational 
energy to the specimen. The driv- 
ing energy is made to sweep con- 
tinuously through a range of ultra- 
sonic frequencies. Response may 
be presented on an oscilloscope. 
Voids in brazed joints affect both 
the frequency and the amplitude 
of response. The specimen was 
mounted on an indexing table hav- 
ing micrometer drive in the rectan- 
gular coordinate directions. The 
probe was held in a fixed position 
while the specimen passed beneath 
it. The longitudinal table drive 
was connected by chain and sprocket 
to the chart drive on a Sanborn re- 
corder. 

6. Procedure. After cleaning, a 
specimen was clamped on the index 
table. Several drops of oil were ap- 
plied to the upper surface and the 
transducer was lowered to a position 
at the end of the first core leg. The 
chart drive was turned on and a 
thirty-inch long record was traced 
in about 10-15 sec. The machine 
was stopped, the probe returned to 
the beginning of the leg no. 2 and 
the operation repeated. 

c. Interpretation. The interpreta- 
tion of the scan lines obtained was 
rather involved. Since it is not the 
intent of this report to teach the use 
of the methods, no details will be 
given here. 


Interpretation of Test Results 


The test results were analyzed 
statistically and these results are 


presented in Figs. 2 through 7. In 
applying these results, the mechani- 
cal characteristics of the various 
methods must be considered with 
respect to the parts to be inspected. 
That is, there are certain limitations 
to the methods which may not be 
apparent from the text of this re- 
port. For example: 


a. X-ray 

The strong dependence upon core 
height is probably due to the angle 
of inclination of the X-ray beam. 
This in turn will adversely affect 
resolution with decreasing inclina- 
tion angles, (1) by bringing the 
joints closer together in the picture, 
thereby causing confusion and (2) 
by increasing the effective metal 
thickness. 


b. Temperature-Sensitive Paint 
(Color) 

The relatively good resolution 
and low error coupled with the con- 
venience of application certainly 
suggests a broad field of applicabil- 
ity for this method. Its primary 
disadvantages are (a) large as- 
semblies tend to get warm all over. 
This could be expected to decrease 
resolution as inspection progresses, 
and (6) on large assemblies it be- 
comes somewhat expensive and time 
consuming. 


c. Temperature-indicating Paint 
(Fluorescent) 

The slightly poorer results rela- 
tive to thermindex might be at- 
tributed to the fact that heat was 
applied to the back of the speci- 
mens. There were so many voids 
to be marked that front heating did 
not yield a sufficiently persistent 
pattern. Therefore, the transient 
nature of the fluorescent paint pat- 
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Infrared camera: resolution vs. skin and core thickness 


Fig. 7 
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tern must be considered as a limita- 
tion of the method. 


d. infrared Camera 

This instrument has the ad- 
vantage of providing a complete 
picture of the subject. However, 
this investigation indicates that it is 
not satisfactory for this type of in- 
spection in its present state of de- 
velopment. 
e. Stub-meter 

Though there are many methods 
and instruments for ultrasonic in- 
spection, it must be emphasized 
that only one, the Stub-meter, is 
represented here. Also, transducers 
of different sizes and shapes may 
have very different characteristics. 

It should be noted that all meth- 
ods which depend upon heat trans- 
fer will be subject to disturbances 
arising from large masses in close 
proximity to the inspected area. 


However, the number of such er- 
roneous reports was low, so that a 
rigorous analysis was impossible. 
Yet, the experiment offered some 
proof of what might have been 
guessed about the effect of heating 
from the rear of the specimen, viz., 
that opposite voids tend to show 
through for small values of core 
height. No explanation can be 
found for the propensity of X-ray 
to report opposite and adjacent 
voids at low skin thicknesses. 

The inferiority of fluorescent 
paint to color-indicating paint, both 
in resolution and in error, is not 
thought to be attributable to the 
material but rather to the differences 
in methods. There are several 
reasons for believing that fluorescent 
paint may in fact be inherently as 
accurate and precise as color-indi- 
cating paint, namely: 

1. Front heating may have been 


no 


Color-indicating paint is sen- 
sitive to time as well as tem- 
perature while fluorescent 
paint is sensitive only to 
temperature. 

3. Necessity for marking fluores- 
cent voids under ultraviolet 
light. 

4. Fluorescent-paint method suf- 
fered disproportionately un- 
der the requirement that 
twenty voids be found and 
measured in a single part. 

Therefore, it is probably safe to 

say that, basically, the color-indicat- 
ing paint is not superior to fluores- 
cent paint as suggested by this re- 
port. 


Appendix 
A. Description of Experiment 

The experimental design used 
here was a three-factor nonortho- 
gonal central-composite design with 





The poorer the resolution of the better. replicated center points. The fac- 
method, the more sensitive it will be 
to this effect. Likewise, thin, 
dangling edges will tend to overheat. 

Now a word about applying the 
results of this investigation—-on- Table 1—Levels of Design Variables, in. 
tour surfaces were chosen for presen- 
tation, partially because of their Level— A B Cc D E 
compactness. In any given in- skin thickness 0.004 0.008 0.016 0.032 0.064 
stance, at least one of the design _Core thickness 0.002 0.004 0.008 0.016 0.032 
parameters will be constant. There- Core height 0.030 0.075 0.188 0.458 1.118 


fore, planes may be passed through 
the contours at these levels. 

In Figs. 2 through 7 the “‘errors’’ 
referred to are explained in the Ap- 
pendix. These measures of uncer- 


The assignment of the levels of these variables to the 3-dimensional factor space as 
originally intended is shown in the box-layout below 


SKIN THICKNESS 


0.004 0.008 0.016 0.032 0 O64 





tainty are very important for, with- 
out them, the response surfaces 
would have almost no useful, quan- 
titative meaning. 

In Table 5, the percent error esti- 
mate arises from two sources: ex- 


perimental uncertainty and lack of 


fit of the statistical model. 

These percentages may be applied 
directly to resolution in mils for 
parts approximately like those used 
in Run Nos. 10 through 13 (Ap- 
pendix A). The percentages are for 
+63°% confidence intervals. For 
example, for core height = 10 mils, 
core thickness = 5 mils and skin 
thickness = 10 mils. Figure 4 
gives about 100 mils resolution, or 
with +47% error, 53 to 147 mils. 
Therefore, one can expect fluores- 
cent paint to find voids in this size 
range 63°% of the time. If a 95% 
confidence interval is desired, the e 
exponent in eq 2 of the Appendix is 
doubled. 

During the study of the report 
layouts, it was evident that some 
methods sometimes reported voids 
which were actually on the opposite 
sides of the specimen or adjacent 
legs. This tendency was analyzed 
and is discussed in the Appendix. 
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This omission drastically dis- 


turbed the orthogonal properties of the proposed design conditions. 





WELDING RESEARCH 


SUPPLEMENT | 93-s 





tors (core height and thickness and 
skin thickness) were scaled at loga- 





Table 2—Resolution Data 





rithmically spaced _ intervals, as Resolution, mils 
shown in Table 1. Skin Core Core Repii- Color- _‘ Fluores- 
Run _ thick thick- height, cate indicating cent Infrared STUB- 
B. Determining Resolution Indices no. ness, ness, in. runs X-ray paint paint camera meter 
It was first necessary to compare in. in. 
the locating and resolving ability of 602 0.008 0.004 0.075 23 63 135 62 47 
a test method against the so-called 3 0.008 0.004 0.458 29 61 231 540 107 
actual location and size of the voids ; yo yo oN ~ = ~ a = 
omer 7 Rigen Pe 6 0.032 0.004 0.075 23 —s«#540 313 540 540 
b bit ti iam o 7 0.032 0.004 0.458 23 540 540 540 540 
y an Generery Teens es Som 8 0.032 0.016 0.075 23 66 86 540 74 
which a measure of resolution could 9 0.032 0.016 0.458 ... 49 81 225 540 540 
be obtained. This rating was es- 10 0.016 0.008 0.188 R, 23 55 80 143 32 
sentially the number of voids lo- 11 0.016 0.008 0.188 R, 23 79 195 109 88 
cated and correctly identified within 12 0.016 0.008 0.188 Rs 23 63 64 176 57 
a particular class length of the 13 0.016 0.008 0.188 R, 23 36 68 143 59 
actual weld. 15 0.063 0.008 0.18 ... 3% 540 540 540 540 
tL tieeeen of iunilintiens dasahl 17 0.016 0.032 0.18 R, 36 129 100 251 159 
. . 14 0.016 0.032 0.188 Re 26 122 135 154 117 
was obtained through an approxi- 19 0.016 0.008 1.118 204 67 540 540 55 
mate integration procedure—locat- 
ing, in essence, the center of gravity Where R; to R, are replicate determinations at the centroid of the design and R; and R> are replicates of 
an extreme run (actually run 614 was designed same as 610 to 613 but with skin = 0.004) 


of the area under a curve defined as 
the probability of detection vs. the 
reciprocal of the class midpoint. 
The quantity, R, (resolution in 
mils) was computed 1625 + 
P:/m, where p; is the percent voids 
detected (= rating) within the ith 
class; and m, is the mid-point of the 
ith class. These mid-points are 
given as follows. 


C. Representing Resolution as a 
Function of Construction 

As an approximate model, a 
second order Taylor’s series was 
hypothesized as being an adequate 
representation of the response sys- 
tem. A least-squares solution, then, 
of the parameters (§’s) in the follow- 
ing model was established for the 


testing the significance of the s’s in 
eq 1. 
Estimates of the parameters along 
with their standard errors are given 
in Table 3. 

I. X-ray. It is shown that the 
resolution of this method is quite 
markedly insensitive to skin and 
core thicknesses, yet is heavily de- 


; Mid-point, in. resolution response of the five in- pendent upon core height. A pic- 
1 0.0025 spection methods. ture of this response is shown in Fig. 
2 0.0675 3 3 2. It should be pointed out that the 
3 0.1350 ” = > BX: + > BiX?? 3 response pattern appears to go 
4 0 2700 0 1 through a unique minimum. 
5 0.5400 Whether or not, in reality, this is the 


There were some inspection meth- 


3 3 
Did pBigX 1X; (i = j) (1) 
1 1 


true response is quite questionable. 
In view of the inherent error in the 
fit, it would be safe to ignore a 











ods (particularly the infrared cam- where: 
era) that could not detect any of the ‘ = log, resolution 
known voids. In such instances, the ' * in thi , Table 4—Resolutions at Centroid 
resolution was merely assigned the X llog. skin thickness, in. + 
value of 540 mils. The authors feel, x 4.0005} + 0.519 Predicted 
however, that this somewhat arbi- X: = [log. core thickness, in., + resolution, 
trary decision accounted for a large — Pigg fe «gl + X-ray nines ar 
share of the “error of fit’’ obtained aa 15670) bs 07797 7 T R nsiti ™ . 
under a least squares solution to : pis pon ay a 57 
the empirical response equation. The rationale was adopted such = gtiyB meter 65 
Table 2 summarizes the resolution that the sensitivity of resolution to Fluorescent paint 90 
measures for each specimen and dimensions of the sandwich con- Infrared camera 156 
each inspection method. struction would be evaluated by 
Table 3—Resolution Response Parameters 
Color-indi- Fluorescent Infrared 
STUB-meter X-ray cating paint paint camera 
Linear components 
8: Skin thickness *0.58 + 0.24 0.09 + 0.10 *0.28 + 0.08 0.19 + 0.11 0.22 + 0.15 
B:: Core thickness —0.15 + 0.24 0.18 + 0.14 *0.23 + 0.08 —0.20 + 0.11 0.05 + 0.1 
B;: Core height 0.06 + 0.28 *0.22 + 0.10 0.15 + 0.08 *0.35 + 0.11 0.14+ 0.15 
Quadratic components 
By: Skin thickness 0.25 + 0.19 0.01 + 0.09 *0.28 + 0.07 *0.26 + 0.09 0.21 + 0.12 
Bx: Core thickness 0.36 + 0.22 —0.04 + 0.08 *0.37 + 0.07 0.19 + 0.10 0.07 + 0.14 
Bs: Core height —0.01 + 0.14 *0.32 + 0.08 —0.01 + 0.07 *0.21 + 0.09 0.24 + 0.12 
Interaction 
Bix: Skin Thickness x core thickness —0.26 + 0.25 0.05 + 0.11 *—0.53 + 0.09 *—0.20 + 0.07 —0.14+ .16 
Bis: Skin thickness x core height 0.34 + 0.26 0.10 + 0.10 —0.09 + 0.08 0.05 + 0.10 —0.21 + 0.14 
By;: Core height x core thickness —0.09 + 0.30 0.00 + 0.11 0.15 + 0.09 0.03 + 0.11 —0.22 + 0.16 
Bo: Average effect 4.21 3.15 4.04 4.50 5.05 





The starred values in the above table denote significance, hence one can infer a particular sensitivity, in the direction indicated, 
of the corresponding method's resolution. 
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minimum and consider the response 
as shown on the graph. 

It should be noted, too, that the 
X-ray method appears most satis- 
factory from the standpoint of 
average resolving power. The pre- 
dicted resolution of the five methods 
at the centroid (i.e., X,; = X. = X; 
= 0) of the design are shown in 
Table 4. 

II. Temperature-Sensitive Paint 
(Color Indicating). The remarkable 
feature here is the almost complete 
lack of resolution sensitivity to core 
height. A strong interrelationship 
does exist, however, between resolu- 
tion and skin and core thickness. 
The individual responses to these 
latter variables, then, should never 
be considered without a recognition 
of a marked interdependence of the 
two thicknesses. A convenient way 
of depicting this factor dependence 
is through a contour plot as shown 
in Fig. 7. These contours represent 
lines of constant resolution as func- 
tions of skin and core thicknesses at 
a core height of approximately 20 
mils. Here, too, an apparent mini- 
mum is suggested. A line is shown 
representing a path of “steepest 
two-factor response.”” One could 
state that any movement along this 
path with increasing skin and core 
thicknesses would bring about a 
sudden loss of resolution. Con- 
versely, one might state that resolu- 
tion is best at lower core and skin 
thicknesses (i.e., core and_ skin 
thickness both less than 10 mils). 

III. Fluorescent Paint. Again, 
the same core and skin thickness in- 
terdependence is manifest here as 
seen with the color-indicating paint 
method. What distinguishes this 
procedure, however, is the further 
influence of core height—an effect 
hardly noticeable with color-indicat- 
ing paint. Contours of this system 
are given in Figs. 4a and 4b; the 
former with a core height at 10 mils, 
the other at 45 mils. In comparing 
the two, note the influence of core 
height in its displacement of the 
contour system. With _ identical 
core and skin thicknesses the resolu- 
tion is roughly half as good at a core 
height of 45 mils than at 10 mils. 
Intriguing too, ‘is the fact that the 
path of steepest response is nearly 
identical in slope and location for 
both color-indicating paint and fluo- 
rescent-paint methods—thus sug- 
gesting a very similar mechanism 
inherent in these two procedures. 

IV. Infrared Camera. Tests of 
significance could disclose no sig- 
nificant response patterns for this 
method. However, since the infra- 
red camera embodies a heat-sensing 
mechanism similar in many respects 
to the above two paint methods, a 


contour system was generated upon 
the same factor space. This is 
shown in Fig. 6 with core height 10 
mils. Note the same response path 
as before. 

V. Stub-meter. Resolution of 
the Stub-meter method appears 
to be almost solely dependent upon 
skin thickness—with poorer resolu- 
tion occurring as the skin thickness 
increases. Impressive, too, is the 
almost complete lack of dependence 
of this method’s resolution upon 
core height. A response pattern of 
resolution vs. skin thickness is 
shown in Fig. 3. It might be men- 
tioned that the sign and relative 
magnitude of the skin and core 
thickness interaction, although not 
statistically significant, are never- 
theless similar in these respects to 
those found for the color-indicating 
paint, fluorescent paint, and infra- 
red camera methods. 


D. Effect of Fillet Size on 
X-ray Resolution 

A correlation coefficient was com- 
puted on the fillet size and X-ray 
resolution variates. The sample es- 
timate was —0.313; requiring (at 
14 d.f.) the absolute quantity 0.497 
for significance at a = 0.05. With 
reasonable impunity one could say 
that over the range of filler sizes en- 
countered in this study, there is no 
marked significance in the associa- 
tion of resolution with fillet size. 
A corollary to this could be that 
the effect of core height was so 
prominent as to mask any inherent 
correlation with the size of the braz- 
ing fillet. 


E. Discussion of Error 

Basically, there are two sources of 
error in the above analyses—both 
contributing fairly heavily to esti- 
mates of the response model. These 
are: (1) chance disturbances (or 


are reflected by the variation noted 
in runs R, to R, (see Table 2), and 
(2) error associated with an inade- 
quacy inherent in the choice of the 
response model. The estimate of 
the latter is confounded with the 
residual term in the least-squares 
analysis. 

It should be noted that in the 
model the quantity is the log,.R, 
hence an assumption is forced on the 
analysis that the logarithms of reso- 
lution are independently and nor- 
mally distributed with variance = 
o2°.* Over-extending the assump- 
tion would probably inflate the 
estimate of o, adding a _ third 
“‘source’’ to the error evaluated. 

The standard errors for each of 
the analyses are shown in units of 
log.R as well as the more appropriate 
“© error of estimate.’’ This latter 
quantity is simply the expression. 


1 
100 | 1 + €XP 4 (z at | 


where £, is the least-squares esti- 
mate of E,.* These are given in 


Table 5. 


F. Effects of Opposite and 
Adjacent Voids 

During the preliminary data ex- 
ploration, it was found that some of 
the inspection methods showed voids 
that were not ‘“‘actual’’ voids but 
came about from their propensity to 
show voids on opposite sides of a 
leg, or perhaps from voids on adja- 
cent legs. 

Here, too, a rating system was 
established that would show, for 
each test method no, n,, and n,, the 
number of opposite, adjacent and 
unassignable (i.e., all other) voids, 
respectively, per specimen number. 
The response of these quantities to 
sandwich constructions was evalu- 





replicate error) which presumably ated with results summarized as 
= es follows. 

* Here, co’ is estimated as x Lig? where Ei is I. X-ray 
the error term in the model whose expected N itivi i 
value 0. E; expected value of logeR—its te Sensitivity to opposite 
sample estimate voids n, (core height, - 
Table 5—Least-Squares Error 

Standard error, Error of Coefficient of variation, 

Method log, R estimate, % J, R; to Re 

X-ray +0.378 + 46 + 0 
Thermindex +0.292 + 34 +29 
Fluorescent paint +0.388 + 47 +61 
Evaporagraph +0.540 & 72 +24 
Stub-meter +0.850 +105 +48 


The values in the last column are estimates of the coefficient of variation, « x 100/X, 
computed from replicates and show reasonable agreement with the corresponding % 


error of estimate except for X-ray. 


This is attributable to the low limit restriction placed 


on X-ray's resolution since no values <23 mils would be admitted by the computing 


formula described earlier. 


Similarly, the high residual error for the Evaporagraph is 


attributable to an upper limit restriction since no values of 540 mils were admitted. 
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skin thickness)? — 1 


b. Sensitivity to adjacent 
voids n, = (0.01/skin 
thickness)'’* — 1 

c. Propensity for unassigna- 
ble voids 
n, = (0.04/skin thick- 
ness)' — 1 


II. Color-Indicating Paint. Al- 
though sensitive to these effects, it 
did not show any dependence upon 
sandwich construction. 

a. n,. = 4/specimen (average) 
b. n, = 1/specimen (average) 
Cc. ny = 4/specimen (average) 
III. Fluorescent Paint 
a. No 4.3 |core thickness 
core height)*|'/* — 1 


b. nz = 3.1/(core height)’ 
-—1 
c. ny =4/specimen (average) 
IV. Evaporagraph 


a. myo = 7/specimen (aver- 
age) 

b. n, = 1/specimen (average) 

c. n, = 1/(core thickness)*/* 
-1 
V. Stub-meter 

a. no = 11/specimen (aver- 
age) 

b. ng = 4/specimen (aver- 
age) 

c. n = 1/(core thickness)’ 


To summarize, then, one notes 
that the X-ray inspection method 


tends to be influenced by opposite 
and adjacent voids, especially so at 
lower skin thicknesses. The fluo- 
rescent-paint method, on the other 
hand, is similarly sensitive but be- 
comes critical at lower core heights. 
The evaporagraph shows a high 
propensity for claiming nonexistent 
voids at the low core thicknesses, 
yet the X-ray possesses this same 
propensity at lower skin thicknesses. 

The Stub-meter method  ap- 
parently is sensitive to opposite 
voids. 

This sensitivity, however, is not 
related to skin and core dimensions. 
Unassignable voids, on the other 
hand, seem to abound at low core 
thicknesses. 
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for each electrode 


assembly — through use of Anaconda extruded copper 


shapes—helped Frank C. Cheston Co. add replaceable 


contact feature 


Close- up of a 5-electrode Cheston electric rivet heater with the new 
removable contact feature for easier maintenance. Savings from use 
of Anaconda extrusions enabled Cheston to inc lade this new fea- 
ture at practically the same price as heaters of previous design. 
. TTING shop costs may be e asier than you think. Take 

a fresh look at the way youre mi iking metal parts. 
Make a note of any part you suspect might benefit by the 
use of extrusions, speci al-sh: aped tube, die- pressed forg- 
ings, etc. Then call in your American Brass Company 
representative and talk it over with him. He will see 
hat your problem gets to the right Anaconda technical 
specialists promptly and will expedite the answer. Or 
write: The American Brass Company, 14900 Garfield 
Ave., Paramount, Calif. In Canada: Anaconda American 
Brass, Ltd., New Toronto, Ontario. saucers 


For details, circle No. 


in its line of electric rivet heaters. 


Electric rivet heaters are tough, simple machines that 
have for years been saving time and money in riveting 
operations. But Frank C. Cheston Co., Newark, N. = 
saw a chance to save its customers some money in 
maintenance, too, by making electrode-assembly con- 
tacts easy to remove for resurfacing or replacement. 

Originally these integral with the 
laminated copper conductor forming a one-turn sec- 
ondary in the st p-down transformer. In redesign, 
only parent blocks (1, at left) are welded to the 
conductor. Contact which mate 
precisely with parent blocks for unimpaired conduc- 
tivity, are easily removed by unbolting*. 

Machining pieces 1, 2, and 3 from copper bar stock 
ran costs so high that the price of the heater would 
have American Brass specialists 
were consulted and precisely shaped extrusions of 
high-conductivity copper were produced, from which 
the finished sections are cut closer 
and costs per 


contacts were 


shoes (2 and 3 


become unrealistic. 


Tolerances were 
and surfaces finer than with machining 


electrode assembly were cut $70. 


Cheston electric rivet heater in use showing how step-design of 
upper contact (2, in illustration above, left) makes it easy to heat 
both long and short rivets. Contacts are opened by foot pedal and 
contact pressure is maintained by springs seen just above the pedal. 


Bolts are of Everdur® , Anaconda copper-silicon alloy. 


DIE-PRESSED FORGINGS - SPECIAL-SHAPED TUBES 
EXTRUSIONS - FABRICATED METAL PARTS 


products of 
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Made by The American Brass Company 
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QUICK SWITCH TO 
AIRCO 3 TUBE CUTTER 
And youre th BUSINESS! 


Triangular stack design gives Airco Cutting Attachment rigidity for extra-long service life 


Put this new Airco torch on your toughest, most abusive jobs 
It stands up better than any previous 3-tube cutter—or any 
existing 2-tube cutter. 

Go from WELDING to CUTTING in seconds! Twist!— Airco 
welding tip-mixer assembly is OFF. Twist!—new Airco 3-Tube 
Cutting Attachment is ON! You don’t need a wrench. 
Gases mixed in tip! That’s right — new Airco 3-Tube cutter 
mixes the gases right in the tip. No premixing. No leakage. 
No flashback. 


AIR REDUCTION SALES COMPANY 


A division of Air Reduction Company, Incorporated 


150 East 42nd Street, New York 17, N.Y. 


Offices and authorized dealers in most principal cities 


Slice 8” steel! Get Airco Model 3800 to cut steel up to 8”— 
fits Airco 800 welding torch. Get Airco Model 3700 for steel 
up to 6” on your 750 Airco torch, or up to 4” on your 700 
Airco torch. Both 3800 and 3700 take practically all Airco 
+” seat tips. 

There’s no better time than right now to try your first Airco 
3-Tube Cutting Attachment. Phone for a demonstration. For 
the name of your nearest Authorized Airco Dealer, look 
in the Yellow Pages of your telephone book under “Welding 
Equipment and Supplies.” Or call your nearest Airco office. 
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| 
| On the west coast— 
| Air Reduction Pacific Co 


internationally— 
Airco Company International 
In Cuba— 
Cuban Air Products Corporation 
In Canada— 
Air Reduction Canada Limited 


All divisions or subsidiaries 
of Air Reduction Company, Inc 


For details, circle No. 3 on Reader Information Card 





